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PCT/ US02/ 32043 NMETHOD AND APPARATUS | DENTI FYI (E;\IAL
1. Field of the Invention [Omﬂm |W\|\m\@%pl i cation E?&QT@ﬁI orit'y under 35
US C 119 to U S Applicat 973,893, filed on Cctober 11, 2001,
the entireWRE of which is hessedy incorporated her ePRTV/B§232Hér ence.

The present invention relates to nethod and apparatus for identifying a

program signal that | METHEDMD APPARADES FOR IBENRTIRVINGe. Mre
particularly, the present invention relates to nethod and apparatus for

identifying a program signala bagITALAUDK SEENALdIi 0 conponent. Preferably,
such nethod and apparatus will find use in audi ence neasurenent and/or

broadcast nonitoring services. 2. Related Art [0002[ Third party
measurenents are typically used in the broadcasting industry to verify
that programelenents (e.g., comercials) are dissem nated in accordance

w th contriadtiddlof delargesrent s, and to estimate the size and conposition of
t he audi ence. One neasurenent technique involves reading an ancillary
encoded identification |abel or signal that is transmtted with the
program Ani000Mdr THeiaspplicatontclaims puidryiander By blSEs§ £ o AL ApplicstnadNat eri sti ¢
features (comonly called "signatures”) fromthe program and then

conpari ng t09978,898 adilesld ofi e@ttobers 11y 2001a thé bantirey cordterfteaf which fis duarebknown
program el ements. [0003] There is sone degree of overlap in the code and

si gnal pr ociassporgted bérevady réeflaencealithe erdsevn ifveotion relates to méthad deapglarates pr ogr am
is encoded with a | abel associating it wwth a final distributor of the
program ( e.f9r ideatifyingad piogiam kipmhdieads bloadwabted memisncof fry atidighce.oM@t nat i ng
station), that |abel nmay be essentially self-attesting, or may be

i nt er pr et edpaBjculatly, the present invention relates to method and apparatus for identifying a

/ program signal having a digital audio component. Preferably, such method -and

apparatus will find use in audience measurement and/or broadcast monitoring services.

2. Related Art

[0002] Third party measuréments are typically used in the broadcasting industry to
verify that program elements (e.g., commercials) are disseminated in accordance with
contractual arrangements, and to estimate the size and composition of the audience.
One measurement technique involves reading an ancillary encoded identification label
or signal that is transmitted with the program. Another measurement technique
involves extracting characteristic features (commonly called "signatures") from the
program, and then comparing the extracted features with a library of features from

known program elements.

[0003] There is some degree of overlap in the code and signal processing between the
above two techniques. If a broadcast program is encoded with a label associating it with
a final distributor of the program (e.g., a local news broadcast labeled as such by the

originating station), that label may be essentially self-attesting, or may be interpreted by

-
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I I *ACTI ON* WO 03/ 060630 PCT/ US02/ 32043 recourse to a master | ook-up
table. On the other hand, if the encoded | abel only identifies an
originator or internediate distributor (e.g., a syndicated Loaram | abel ed
only with ME¥HFY3 am nanme and epi sode nunber), then it Frﬁf/%ﬁ‘g ¥essary to
conpare that label with a library of |abels collected froma nunber of

| ocal stations, in order to identify the station that transmtted the
program i n rgensissei ©na ni@oAdokiipStabRat Ont théwthes hasd, P g ensodesoinbsl enlyal .

(i ncorporated herein by reference), djscloses apparatus.and net hod whereby
a program sifgidies ap griginator gr ptermadiale; distabptors(e-g. A fﬁ“a'lcf“ﬁd BFagEase dabgle o

extract an ancillary identifying ¢ : C. ' el I stored
along with ?%yewftli'?rheypé?gr\%ﬁinc_ Xﬂg%%quggélh\?}é E%lrlpglt%#é%rfl\%cg%g%etf’ecé?g%? by the
user  (knovRaagbdl REth'd Biskytof Mbels collected TSR adhufrBer SUBSHE GdBHs, fnf GhSSi on to
a central data «collection and processing facility. If no code is found, a

si gnat ur e iideraify theGtatidn thaptmanksinéted heqyogram $n gueation. st ored as a ti me- st anped
record in the nenory, and subsequently comunicated to the central
facility where it is conpared with simlar signatures extracted from known-
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si gnat ures hi:RANY PrddBREd td18xidabidBPaRIIaAH HeifREtdo@d) [f0the B isFoarlit is
Mor eover, one may configure a systemof this sort to extract signatures

from a progstami alogpavithethe nimetat rwhinh it dantéckivedgr bthbmtiseoselected dbyi the mead. An
arrangenent of this sort can provide signature data to provide "fill-in"
i denti fi cat(kspwres themgead jimpeibisp memgiyelor Suhisequent&apsmissign 4o arcenrrl 44@i o code.

100061 Also of note s the identificati.on tag,reading.syste i sclosed in
US. Pt ent e RetoRgnd gk om0 a0k b AR EF R P bEnce)
The discl Osﬁgg%aﬁgﬁﬁ,nﬁ&ted as a time-stamped record in the memory, and subsequently

communicated to the central facility where it is compared with similar signatures

extracted from known programs at monitoring facilities that may be remote from the

central facility.

[0005] A television measurement system of the sort taught by Thomas et al. may
employ codes written into either the video or audio components of the composite
broadcast signal, and also may extract signatures from either the video or audio portion
of that signal. Moreover, one may configure a system of this sort to extract signatures
from a program signal even when an identifying label or code is read. An arrangement
of this sort can provide signature data to provide "fill-in" identification at times between

sequential transmissions of an audio code.

[0006] Also of note is the idéntiﬁcation tag reading system disclosed in U.S. Patent No.
6,202,218 to Ludtke (incorporated herein by reference). The disclosed measurement
system is embedded in an in-home entertainment network having consumer electronic

equipment adapted to communicate with other such equipment by means of an IEEE
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systemis enbedded in an in-honme entertai nment network having consuner

el ectronic equi pnent adapted to conmmuni cate with other such equi pnment by
means of an |EEE 2 WD 03/ 060630 PCT/ US02/ 32043 1394 serial interface.

Ludt ke di scl oses an arrangenent in which a programidentifyin | abel

recei ved w32t badcast data streamthat is used in thgcﬁﬁﬂggﬁﬂPd is
read, interpreted, and forwarded to a renote data collection entity.
100071 The advent of digitally-transmtted tel evision signhals has had a

pr of ound i n3&¢ seriad inter{ase.e fpdtke disglosel ay errarfgginaet ib vdddhcaprogragriderftifying
determ ni ng _audi ence view n references (in dwellin statisticall

sel ected t a*&iﬁfﬁeb\iega‘fléh Arbiladeest asfttfﬁmaﬁéﬁ Bnited 1etie hoa pi)is resdh ’
exanple, s i j r . rk well with anal og video
signal s argnﬁﬁﬁ%ﬁgg?fﬁ?ggﬁﬁ?ﬁﬁﬂ%épﬁ§F§?§§%@§?§E¥%n because such codes, if
present on an original anal og signal, do not survive the data conpression
that is part of the process of converting the anal og video signal to a

di gi tal onel000%) Theudvent bhdipital byrteansmitted teletisyonodigrapyiias habh erofound timpact

transm ssion standards_and a variation in the extent to which broadcasters
adhere to tHosystesmsafRrabeth. varifying xbipadicasts japd fop deteppining, andispge egwingced

several digital transm ssion standards: qne for.over-the-air terrestrial
Cransi s oeteAes U AnEEpREs G SR e sudlcintle frop tleviion aididnce
satellite-tQx - r 1SS : : ! nent of
t he overal Ilﬂ‘i:)a(rg{é)%jrrngtr§t 'ng{lal gé‘%éi’@?ﬂ#&g ?@%@s@%ﬁ%@a%ﬁhgﬁﬁqg&ﬁgndw dth
than does tdwgloyivitRe sERERARE Hcompdidleewitts digaill tednkAdsidABBGuselugh tédesaifidi 0
standards. The ATSC (Advanced Tel evision Systens Comm ttee) standard, for
exanpl e, neprekabtemn anharigimad andlogikignal,ido noh$urede he-ddtacediposssinh thehisatlofl al so
be carried by direct satellite and cable s¥stens. In 2001, the majority of

satel | ites thepiopess of epnysting dhe anglogxides pignal t a igitgl oy Morepverathereas¢ 8 syst em
UBS
n

were not using AC-3.. und., For exampl.e,, sone, U. S, .. se st andard
et orred 1o bl orapiche BpisRha S g Sigad iR £ gl P Rl S ALRCH s
the J apa”esﬁoﬁ%gt&ﬁgmﬁﬂth&édé;&da@d 'FBBan%{;ﬁélCiﬁrzdoHﬁhéWB.d\.’PnE% fhyers 1-3,

are al so known. O course, nan
several digital transmission standards: one for over-the-air terrestrial transmission, one

for cable distribution, and one for satellite-to-end-user transmission.

[0008] Although the audio component of the overall program signal generally utilizes
far less valuable bandwidth than does the video component, there is variation among
digital audio standards. The ATSC (Advanced Television Systems Committee)
standard, for example, mandates the use of what is called AC-3 audio, which could also
be carried by direct satellite and cable systems. In 2001, the majority of satellites
(Direct Broadcasting Satellite — DBS) and digital cable system were not using AC-3
sound. For example, some U.S. UBS used a standard referred to as Musicam or
MPEG1 Layer 2 audio. Other standards, such as the Japanese AAC (Advanced Audio
. Coding) standard using MPEG2, Layers 1-3, are also known. Of course, many
programs are still in a linear PCM format.
[0009] Generally speaking, the compressed audio formats call for each audio signal
stream to be formatted into frames, where each frame can be configured as a string of

packets that can be broadcast at a single frequency, or in a single channel with other



prograns are still in a linear PCM format. [00091 Cenerally speaking, the
conpressed audio formats call for each audio signal streamto be formatted
into frames, where each frane can be configured as a string of packets
that can be broadcast at a single frequency, or in a single channel wth
other 3 WY3P6¥H630 PCTI US02/ 32043 audi o streams by nEaHYSBR24Pne domai n
mul ti pl exi ng. For exanple, MPEG breaks each frane into a set of

fi xed-duration packets (where each packet has a header) for nultiplexing
audi 0 and vaudectbarhsby mears of imedemginmadtipleing) Fdvexaeple MMBEG braakoeacht i on to
keep the streans synchroni zed when decodin Each audi o frane is autononous
and cont ai NS o 13, &<t off S?‘?Pa‘E“FB‘FP"n%é‘é‘%a(iwge‘Fo‘FaCBd@%‘itrkj‘ss‘bhf’fhiat) for can be

A Chough. « HRUERERR S0 dnviodt @leiis® R oo MRABH he Mo AR P once o
sanpl i ng fr@gymcamw@mmﬁlz@d mm awsumg' IFQve dudib g{a@e @9&5.21%@9%&”3' ler

frames (i. those arising fromlower fidelity au si gn

padded wit f‘codtamyaldahéi ihformatidr ndcessary ofor cizcadifd %6 dthhtnitecanabe hpdcenedm frame
headers. [0010] Many of the conpressed audi o standards set aside portions
of sel ect edngrpehdsntly Of MPlekﬁeortsnbmWé}strmnmedeSi Adthouizhttbe lengty of asi gnal

identificat]on data |s no art of, the audi o signal. Moreover,

al nost al | ® ‘Ffﬁ‘e samphing frequspys ﬁ'@“” lﬁﬁlf’é‘é"‘i“ﬂn order to
provide a f i r f e rs...These paddi can,

in sone casdéléa'g ﬁ]%g %@h %{l %ﬁgl%ﬁrﬁa%s@g(%f’qgg ansm ﬁfmé“nc i gr %¥%°S

i denti fi catdigals) hapebb pRY&A With m&rum% B iol ;ﬁrBMdQﬁtf&eé hﬁér@an ibetweeh
provided for in a given standard hus is expected that in at | east

t he great nfiegnorheageraf packeti zed digital audl 0 broadcasting systens, a
programidentifying | abel can be added to a predeterm ned portion of a
packet or franme. [0011] Consurrer el ectroni c equi pnent for receiving

di gi tal gﬂﬁﬁﬂi& Cal l (i/ ﬁlfda Qaff c%:cgaéretd as?cleg;;otrt?bnsa'ilcslél(e)ctgdu;g C :gts]c romt he

receiver t
for the transmission of aux1hary data (e.g., signal identification data) that is not part of

the audio signal. Moreover, almost all such standards provide for the use of padding
bytes in order to provide a fixed interval between frame headers. These padding bytes
can, in some cases, be used for the purpose of adding an ancillary program identification
label even if a defined auxiliary data field is not provided for in a given standard. Thus,
it is expected that in at least the great majority of packetized digital audio broadcasting
systems, a program-identifying label can be added to a predetermined portion of a

packet or frame.

[0011] Consumer electronic equipment for receiving digital broadcasts typically have a
standard digital audio output from the receiver to the consumer’s digital audio
equipment. The receiver may comprise a digital tuner in a set-top box that provides an
analog output to an NTSC receiver, a digital television receiver and display, or any of a
number of other known audio receivers. Moreover, the use of digital audio equipment
has made it common for the consumer digital receiver to supply a digital audio output
even if the input to the receiver is an analog broadcast signal or an input from an analog

VCR. That is, the consumer’s receiving apparatus (that is to be monitored) may be used

4



equi pnment. The receiver may conprise a digital tuner in a set-top box that
provides an analog output to an NTSC receiver, a digital television

recei ver and display, or any of a nunber of other known audi o receivers.
Mor eover, the use of digital audio equipnent has nmade it _common for the
consuner dP'§iP4f*¥ecei ver to supply a digital audio outplt"UE¥EH*?f the
input to the receiver is an analog br oadcast signal or an input from an
analog VCR That is, the consunmer's receiving apparatus (that is to be

moni t or ed) myntxefoug-‘éovma bpph aRlapswe3tisipEroakasy mogram signals, bl alsa fr
receiving both.anal og and djgit al broadcast nal s, bu so for
el oct i ng. SelsPu SHPGRG oL GRSt CATEo ahr D o0 S S VR our ces
such as DV éﬁg g%% players. [00121 The industry-standard design for
providing a g tal audi o output signal for use by digital audio equipnent
is known as the Sony-Philips Digital Interface (SP/DF). The signal
avai l able at an SP/ DI F connector may be either a unconpressed |inear PCM
(Pul se Code0042] Thatirehiytrydstgndasad designriat ploaMingg digital taudiatoatpmt sigml fierse t han 64
kbit/sec, or _nmay be a non-linear PCM encoded audi o bitstreans, such as, in

the AC 3 fotrynézsltarﬂydlorﬁawwna1Sbkrto“mat8ethof50aeithlﬂ<lst Digitad Intptﬁotéﬁl’fmﬁ)s what

ded d whi ch f
accuratoly Qe RS A SRDE AN PR egareSs R ¢ e
vari ous Oggﬁlsg%@é maaaéasd%gm' Hadink Qb Hf?:stﬁrdot}ﬁéjre AR koRdMORY OF THE

| NVENTI ON [ 0014] IS an ject the present invention to provide nethod

and appar atmisy boh noxptiﬁ&emgndoﬂe@am bitdt@hrh&)| suctigl, @n SHegA@!3Sforhdtangm t t ed
through a wide variety of nedia, to ensure accurate recognition. [0015]
Accor di ng tlavimgfaibitgate af pickbitésec.t he present invention, digital audio signa
recognition apparatus includes an input connector for direct connection to
a standard SP/DIF output connector on consuner digital television

receiving e[ﬂh'iﬁ r’ﬁtus wha % needed is a digital signal recognition system which is capable of
accurately and reliably recognizing digital audio signals in all of the various

configurations and implementations described above.

SUMMARY OF THE INVENTION
[0014] It is an object of the present invention to provide method and apparatus for
processing received digital audio signals, transmitted through a wide variety of media,

to ensure accurate recognition.

[0015] Accordiog_ to a first aspect of the present invention, digital audio signal
recognition apparatus includes an input connector for direct connection to a standard
SP/DIF output connector on consumer digital television receiving equipment. The
apparatus includes structure for processing the input digital audio signal to obtain one or
more of: (i) an identifying label encoded in a portion of a digital audio frame; (ii) an
identifying label code embedded in a decompressed audio signal; (iii) a copy of a
selected portion of a frame (e.g., a checksum portion); and (iv) a copy of a selected
portion of the decompressed digital audio signal. Preferably, the apparatus also has an

SP/DIF output connector and provides a repeated copy of the input digital audio signal



apparatus includes structure for processing the input digital audio signal
to obtain one or nore of. (i) an identifying | abel encoded in a portion of
a digital audio franme; (ii) an identifying |abel code enbedded in a
deconpressed audio signal; (iii) a copy of a selected portion of a frame
(e.g., a ch&RYMPhortion); and (iv) a copy of a sel ect eBCTHIPERYA of the
deconpressed digital audio signal. Preferably, the apparatus al so has an
SP/ DI F out put connector and provides a repeated copy of the input digital
audi 0 si gnait thg Yypw3/s0ch@3the PGEr 1980 258 24 3udig t andh wideq gapipmentswithdwat t he
user can use tt?e a ditg%and vi deq.e %rrent w thout interference by the

r

si gnal r_eco'QWF EeBsf ygral recaepiiiqn ué otding to another aspect of the
present | ”Vﬁgirdd%coﬁn{getfohﬁﬁth@f ﬁ%’%tl &Cthk rbgeseﬁt.biﬂféﬁg?lg,? g}e{l{ogrefq:'oﬂécrtiﬁél y

transmtted gram signal s conprise an'itnitia obtai ning-t he

di gi tal audiufingi dtakroRs8iRRhBl @dnsMitidd pRRral SFhARM cobptifd ait iSBAIDYED of
connection. If that signal is a non-linear, PCM encoded audi o bitstream

si gnal , an oteditiegphe nhigitdbeaudmdeighal assamlated fwiths thet prgrani, wimggralPDIEENt i fyi ng
| abel froman auxiliary nessage portion of the digital signal or to select
a predet er nfoRBestigR| dEthay sigapk ishngrlinege PGV sngeded (aydio bitstrgam siggal, @andi dat e

signature. |In addition, ,the i t signal may .he ..dec ressed and the
reasur | ng. cRTRMERY b Ry Piresdbl st SpEaRr BB dFuiey i, LR fFor 8 0By
program i degidshodl JagtidnHtele cﬁ%@atl LM oPth &Rcfa HREGerRTRANERMA PortibE ol O
signal or to denerate a second candi date signature from a predeterm ned
part of thesiglat anmeess e dirstackididaci ggrature. OfInCaldition, thef idplie sighginaiy 8t t he
SP/ DI F connection is an unconpressed, or a l|inear PCM or already a
deconpr essedtcompiessad aad dheo mepgpniag equipmentewan dittrapteto wadl at $eeondstype rod

candi date si gnature can cqQl l ected without an internmediate deconpression
step. On ¢ RRIOEERaRenS ag?%%ﬁl toBiter s 4 ose) cabreldgchin fheradio; seal gace

signature a e@gr@%ﬁaséaeﬁsendpca%ﬁﬁ&tecl att?xf‘\e ﬁgrlnlae;g'gareregetr%:g)%d %%zl}eeégét%gr%r r%issgg to yet

anot her asp resen hventron, od colTectrng ~tuni ng
data i ncl udggid fighaP t OPSURE, P HeighaNd RS/ onféctibh Al anaMEbipredsé)dt aat an

SP/DIF linear PCM, or already a decompressed digital audio signal, the second label and the
second candidate signature can be collected without an intermediate decompression
step. On the other hand, if the first label and the first candidate signature are present,
they can be collected too.

[0017] According to yet another aspect of the present invention, a method of collecting
tuning data includes the steps of obtaining an input digital audio signal at an SP/DIF
connection, and processing the input signal in four parallel paths to obtain up to four
identification data. The identification data may comprise (i) any program-identifying
label that is present in the compressed audio signals, (ii) any program-identifying label
that is present in the decompressed audio signals, (iii) a first candidate signature from
the input signal (if it is in a compressed audio format), and (iv) a second candidate
signature from the decompressed audio. All of the four possible identification data that
are collected at each measurement time are assembled to form a time-stamped record
that may be communicated to a store-and-forward apparatus. The store-and-forward
apparatus stores in a memory at least some of the time-stamped records sent to it, and

subsequently forwards the stored records to a central data collection facility. It will be



connection, and processing the input signal in four parallel paths to
obtain up to four identification data. The identification data may
conprise (i) any programidentifying |abel that is present in the
conpressed audio signals, (ii) any programidentifying label that is
present i nMOHE ¥ pressed audio signals, (iii) a firstPERHMN2GANE
signature from the input signal (if it is in a conpressed audio format),
and (iv) a second candidate signature fromthe deconpressed audio. Al of
the four podest by bosegekiltedfin dwtaudienctameasurament ants ¢hat odt ablcafdbe edllectad Hata
measurenent tine are assenbled to forma time-stanped recor t hat may be

comuni cat d&8c g2t celiesied durpe p YMgarhen Mselevisign is tpmed et pratathatisupragts
apparatus stores | r l,east of .t he time:st ed records sent
Fo Tt ana ™ @Bl BT Ry B a0 BB B 1k BBk CHres L ROR SR 585

col | ect | on haiahd ke ogtatith blrtdhfied by YO SR, AROBARFSTHHEAZbAR0GRe fhar L0
those skilled in the audi ence-neasurenent arts that not all” of the

col | ect ed dmirtion dfehgmeasdi@ir@nicsybtedhealed anisergivallingedudee thetdost dfgtoeig Si on i s
turned off, or data that supports a tenporal resolution finer that what is
cal | ed for 4nd commupisatingrdatrent) is of value, and that the triage operation
performed by the store-and-forward apparatus, or by sonme other portion of
t he neasurenent systeminstalled a user dwelling, reduces the cost of
storing a eat i ¢aliR C j A fyrt. ct of

t he presenﬂgPﬁggﬁ¥g@§% gp%igltafiéggﬁgﬁ é%e@%%ﬁ???%%“@?s e%?@%n%é&ges

noNi t Or i NY BEHENIHTR Hystb NRFhptifesahénilonBg LqRpEEA Thinedi t8l the BRIANGRE si%x’ﬂﬁ? can be
viewed in statistically selected dmel%lngs. Preferably, the nonitforing

equi pnment cwhicecthst candle steoed i stdtisticlly s¢lectéd dvadllirps.dPsfcabiy] the monitoring
programidentifying |abels that are present in the signal, as well as
extracti ng qasfpEicahecdlects pad gerss all obide hirgtgad pqcprd pragram-identifying dabglahalr es.

Th dat t or. timnme- dr. wh the i nt I t
dat - col | oot BSTTHEL™ Serbh S SRl BErockBE ST AR e Ty 2o B 85 1 he
measur ement g fr i aheds. tﬁ?es@'ﬂ&tg a?eL &theﬁ 0 GG ped Fec T XLHRLE the fntﬂgafl/ a froma

nonitoring site are to be use ot h an audi'ence neasurenent ing a
m ni mum r epeweelnl @ata collection times is the smallest acceptable interval in any of the

measurements for which the data are to be used. For example, if data from a monitoring
site are to be used in both an audience measurement having a minimum reportable
viewing interval of ten seconds and in a commercial broadcast verification study having
a contractual resolution of one half second, the monitoring site will collect data with a
one half second resolution. Regardless of the resolution involved, a central facility
periodically retrieves data from both one or more monitoring sites and from some
predetermined number of selected dwellings, and compares the various signatures and
intermediate codes in order to identify the program signals selected by the sampled

audience members.



viewi ng interval of ten seconds and in a conmmercial broadcast verification
study having a contractual resolution of one half second, the nonitoring
site will collect data with a one half second resolution. Regardl ess of
the resolution involved, a central facility periodically retrieves data
from both BR*8°fore nonitoring sites and from sone préﬁwwm‘ﬁéd nunmber
of selected dwellings, and conpares the various signatures and

internediate codes in order to identif theg%ro ram si gnal s selected by the
sanmpl ed audi ence menbePBIEF, DESCRIPTHON QF b Qﬂazv 3 BRI EF DESCRI PTI ON

OF THE DRA .0019]. Fi 1 is,a dat di P/ DI F
bi t st ream \\/@F@Ej %r%?!elﬁa:dggrsg?ftﬁlfes%f%ﬂm%ﬁ?laz#&tjﬁaﬁ{ﬁ%ﬁgaﬁ‘gl{%{néa%%“ 2di ence
resear ch arg, aAiPlodlondy r{aﬁfrfeﬁg'au&ig&%%seﬁkl%yé?%%tﬁg%r@xtlsc%t%&.eml evel bl ock

di agram of a preferred nealSurenent system accor to an enbodi nent of
the present invention. [0021] Figure 3 is a block diagram of the

measur enent equi pnent depicted in Fig. 2. [0022] Figure 4 is a logic

di agr am de0@20] fgguse 265 @ dystep-lefel dlquk alipgaam of acprefeded yneasurdment ngstem

measur enent apparatus of the invention, DETAILED DESCRI PTI ON OF THE
PRESENTLY PREpreirarronhodiment othepyopeptyetion. | ntr oducti on [0023] Wile the
present invention will be described with respect to tel evision audi ence
nonitoring (e.g., N elsen television rating) systens, it should be

under st ood [pbAl Fihife 3 RaBIGR didgnie B ihe ﬁe?ﬂﬁ@ﬂe’ﬂ?ec‘%ﬁﬁ?&nt b{eg‘lf%%d_rig/'ﬁéﬁé padi 0

audi ence nonitoring, Internet audience nonitoring, ra mer ci al
verification, copyright royalty collection, etc. As used herein, the term
"program signal"” refers to segnents of various |engths such as all or
parts of prl882dFegure érisrelegicdisgramy depisting A ahaimbwp ad @sprograip| execusel by g e

announcenents, and the |ike, as_well as signals generated from consuner
progr am tuning measurement apparatus of the invention.

DETAILED DESCRIPTION OF THE
PRESENTLY PREFERRED EXEMPLARY EMBODIMENTS

1. Introduction

[0023] While the present invention will be described with respect to television audience
monitoring (e.g., Nielsen television rating) systems, it should be understood that the
present invention applies equally well to radio audience monitoring, Internet audience
monitoring, radio/TV commercial verification, copyright royalty collection, etc. As
used herein, the term "program signal" refers to segments of various lengths such as all
or parts of programs, commercials, promotional messages, public service
announcemerits, and the like, as well as signals generated from consumer program
signal storage equipment such as video cassette recorders (analog or digital), CD

players, VCD players, DVD players and the like.

[0024] Briefly, the preferred embodiment receives a digital program signal and analyzes
it in one or more of four different ways. First, the preferred embodiment can identify

any program-identifying label that is present in compressed digital audio signals.



si gnal storage equi pment such as video cassette recorders (anal og or
digital), CD players, VCD players, DVD players and the |ike. [0024]
Briefly, the preferred enbodi nent receives a digital program signal and
analyzes it in one or nore of four different ways. First, the preferred
embodi ment WOL%¥ht i fy any programidentifying |abel tPGVUSRBHMdsent in
conpressed digital audio signals. 8 WD 03/060630 PCTI US02/ 32043 Second,
the preferred enbodi ment can identify any programidentifying |abel that is

present i n S¢eendnhecrrsierredigabedizienineansidentify agy prdgeanpidefiéfyingdakatileatiisrent can
identify a first candidate signature fromthe input signal (preferably
whon |t i o RESHEDE I ASAF PO SRt (U e PRTRTeg IETeT e SOBRORGh an
identify a % Ak i r. sﬁgg .0 signals.
One or nor efﬁgtfCc g,tqkﬁ%%s;ggsg ent i(%rf0 ?dc%tg ?rgpﬁ{ssééaré%@f%{ag% ‘?lﬁeggmtlﬁgp-seea}yn%lggs'r_ecord
whi ch may bghdupedh, tREBEbfetedl etbolimedt cah ideitRY alsedhd dafdidRE sibNaturk RS t t ed
informati on or nmeasure audi ence participation. 2. The Signal Fornmat [0025]
Fig. 1 depithd decompreded audincsigdatsl s@ue crameref daftthese tidentificatiohy bk Fstdped Bt 4 eam  As
depicted in Fig. 1, a SP/DIF bitstreamsignal 10 (as an exanple, here the
audio is diswpyiasreddrererd Arhigh ey ke ysedsimmendintaly.eef #¥as daterolime, HE GOIG58
standard of | nt.gtrac?ia i onal El ect rot(ﬁchni cal. Comm ssion. It conprises a

sequence of TR fGEHOT PraRasurg Sudighek RATUFPATRS- cont ai ns two sub-franmes 13.

Each of the sub-frame conprises a Preanble field 14, a Auxiliary data
field 15, the data field 16 that is delivered by conplying with EC 61937
standard | & ehe Sagndl FdimatSt atus field 17. According to | EC 61937, a data
burst is conprised of many | EC 60958 data fields 16. Data bursts are
separ at ed H9028] &ig. ilndgpiRGs. howIAE -3 endjNielseh ddtat At Withista SE/DiRbitsiizhm, Aach dat a
burst conprjses . a Header 21, Burst Information 22, Length 23, and a

Payl oad 24 dfpiged ipdigt h 3 SPINBibitalream pignal ellgéam apexampley Bere ke udjo dnd i s
i t AC-3 .d h i S| . f
Ad b B oceomBPsstd i ks Kiel B oBRA3RG F TP bop Fsardata T el < ¢ e

Electrotechnical Commission. It comprises a sequence of fixed-length frames 12. Each

frame contains two sub-frames 13. Each of the sub-frame comprises a Preamble field
14, a Auxiliary data field 15, the data field 16 that is delivered by complying with IEC
61937 standard later, and the Status field 17. According to IEC 61937, a data burst is
comprised of many IEC 60958 data fields 16. Data bursts are separated by Stuffing 20.
The length of data burst is variable. Each data burst comprises a Header 21, Burst
Information 22, Length 23, and a Payload 24 whose length is indicated by Length 23.
Here the payload is carrying the AC-3 data. The Payload comprises SI 25, BSI 26, a
number of Audio Blocks 27, and Aux data field 28, and finally, CRC2 29 which is the
CRC for the entire AC-3 Frame. The last two sections are employed according to the
present invention in order to conduct media research that includes measuring viewing

information of the audience and monitoring programs.

[0026] The Stuffing 20 between data bursts is all zeros, however it must be noted that
the IEC60958 frames still contain preamble, channel status bits, validity bits, etc. Bits
12-27 are zero. The stuffing between data bursts is used to maintain the proper

synchronization of the audio out since the data channel has a capacity of a higher data
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CRC for the entire AC-3 Frane. The |l ast two sections are enployed accordi ng
to the present invention in order to conduct nedia research that includes
measuring viewing information of the audi ence and nonitoring prograns.
[0026] The_Stuffing 20 between data bursts is all zeros, however it nust be
not ed t hat W OHE%PEC60958 frames still contain preanbl e, BHEHMEP2YSE at us
bits, validity bits, etc. Bits 12-27 are zero. The stuffing between data
bursts is used to maintain the proper synchronization of the audio out
since the daedhahigniresssardo gorvepabs compressgd lahdjp spntertt aln the imoss et 630

PCTI US02/ 32043 . rate than i s necessary to nvey t.he conpressed audio
content. | ﬁ??mo"\?(ﬁﬁr%ﬁheccé’g!%‘my oggléeh‘iart? te Wfﬁﬁ’é\‘/‘?l}{@dcﬁﬁrﬁc‘ﬁ) E‘T ne ﬁ%al#‘a:at arate
is fully u@tt'li*ﬁﬁé@pacteh@ﬁ.e L'Q' Q&:oﬂﬂn Pf“gtgtéstigﬁl%au ﬁgmsxgﬁcﬁqloez&nten wever,

according to statristical data fromre 10 contents, ere typrcally

are Stuffi ngee aypitdlgbhre $tiffings availableadhhe tad banitterdd efdf @ed deY dMpeling
additional viewng activity information fromthe receiver to the outside,

by a resi dexdditiogalfvievdng astvite inforngtiog tfednt € received ¢o theeoutsadeg by arresidéne vi ewi ng
activity information can be a detailed description of what the

audi ence( visefae mesergusingplizd ingideths reesivary dhe ¥awingragiivitytipforpatioaiogebe i s doi ng
accordingly.,[ 00271 I.n.th a of .digital televisi.on video and .audi o data
in conpres saleL%’lgé ﬁ]esﬁflgnonc(gr“rﬁ]aggleiaHdlﬁn‘%tvthv%etr)r'égmngswlﬁb‘hﬁrefcﬁwmngs%&i fied by
t he Advancege [Lelieyiisidiny sbaamglyds Committee (ATSC). The audio data uses
Dol by's AC-3 conpression algoriithmand the AC 3 bit-stream contains,

besi des the actual audi o data, headers containing additional information
such as synchroni zation, timng and sanpling rate. The AC-3 streami s

or gani zed ilA927]fln gheecasaplidighal Heleyision Gdeot aidrmidioudatd i eomprebsgdaform are
reconstruct audi.o corresponding approximately to the_duration of video
frame. EactFaffesrip apilstigam jusing a format specifjed bygthe Adyaniced Trlgkigien Sgandards pj ¢

words. At t fr i Lt ) cl i ¢. Redundanc eck
(CRC2 in AC@%@E@%%\B 3g3})%g§%dr'§d§gg%e§rllje)ogb){ %Agéat ec p_reeSF’Préra§_°"ﬁlﬁl ?’ﬁiet%]ecepti on
of the framge-3thiesiRamScoftalRSRENEH the Rtudl Hilio HAS HebderTcdathihd adaitislal @

information such as synchronization, timing and sampling rate. The AC-3 stream is
organized into frames and each frame contains sufficient data to reconstruct audio
corresponding approximately to the duration of video frame. Each frame has a fixed
size in terms of total number of 16-bit words. At the énd of é frame in addition to a
Cyclic Redundancy Check (CRC2 in AC-3 terminology) word designed to detect errors
in the reception of the frame, there is a reserved field for inserting auxiliary data
(AUXDATA). Use may be made of the AUXDATA field to carry program and station
information relevant to TV audience metering. Preceding AUXDATA are two fields:
AUXDATAE is a 1-bit flag which indicates valid AUXDATA is present and
AUXDATAL is a 14-bit field which indicates how many bits of auxiliary data are

present.

[0028] In the case of 48 kHz-sampled audio with 16-bits per sample, each AC-3 frame
represents, in a compressed form, 6 "blocks" of audio. Each block is derived from 256
samples per channel. The number of channels can vary between 1 in the case of

monophonic audio to 6 for the case of "5.1 channel surround sound". A multi-pass
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(AUXDATA). Use may be nade of the AUXDATA field to carry program and
station information relevant to TV audi ence netering. Precedi ng AUXDATA
are two fields: AUXDATAE is a 1-bit flag which indicates valid AUXDATA is
present and AUXDATAL is a 14-bit field which indicates how nmany bits of
auxi liary Y% present. [00281 In the case of 48 kHESHHNBFEY? audio
with 16-bits per sanple, each AC-3 franme represents, in a conpressed form
6 "bl ocks" of audio. Each block is derived from 256 sanples per channel.

The nunber algorigimAtemps wagpmpsesy theedatpelspn eagh2Sorampledlockof aydiadpieeisr ¢ audi o
to 6 for th "5 1 | . d | ti.- 10 WO

0 Sobaso HEnas Mhoniaer B ShvS RURSER R i SRS FrER3Re0 M 00 cocr
256-sanpl e ch\ikof% e @ﬂfﬁlﬁi%etfop PR & severd] bgleg!afp lﬁsalg){'ﬁla{i A gsl{l '39%111}3; tEZn required

to represent 1t. Since t me size i i xe
optim zat i GRe pit GEEHS tiSY Qfcdefiiyd ® SKIPLBSURIthiy bitvigial ‘ablie nikgns' thevedréls” - in
the bit streamthese are defined by SKIPLE - if this bit is a "I" it neans

there are dimmy/bisest peskghinketheistrean.t Fellewing sins thewd isan®-by number SKPLe i s a
9-bit nunber SKIPL, which defines the nunber of bytes to skip at this

poi nt in t Hehichqdedings the perber of Byes to skipahthisgeoint inthe s&%3meam generat ors do not
make use of the auxiliary data field and as a result AUXDATAE is set to O.
In such cases, in order to utilize the AUXDATA feature, the stream may be

modi fied byogi] Mdst burfohfEIC BE-sEa gldeArs HO nolRhIES 188 thd'findidhRbatiunber  of
SKI P bytes present in the frame. Thése wll occur at the end of each

bl ock. Thedldvand ag resaRAAUXDATAR B st Medr3ay yasepac ordedto ARGIARA at t he
end of the frame. By appropriately nodifyi ng the SKIPL values at the end of
each bl ockAEBXDATépteakran he $iegayj may, bexmgdidied byl ab fipay gxariningracke framp the
created for AUXDATA. n the adequate bjts to peet the AUXDATA _
requir emnt@te&PE’emﬁtoB& Bumbiy oL NGIL b sse_flbmtli\fefsrwanﬁﬁqsg il aerun AdhAUXDATAE
s set 10 Oualf RNRE ARLEL AR used BREOM AE nR:LPRL HE AKDATR U O
not every frane wl e capabl e of carrying

the end of the frame. By appropriately modifying the SKIPL values at the end of each

block and repacking the bits, a desired amount of space can be created for AUXDATA.
In the event adequate bits to meet the AUXDATA requirements are not present, no
change to the frame is made and AUXDATAE is set to 0. It may be noted that
depending on the nature of the audio, not every frame will be capable of carrying
auxiliary data. Indeed the Cyclic Redundancy Check words CRC1 and CRC2 have to

be recomputed after these changes are made.

3. The Signal Identification Techniques

[0030] In view of the above discussion, a first technique for identifying a broadcast in a
monitoring or audience-measurement system having a clock or other time keeping
means operatively associated therewith includes the steps of reading a program-
identifying label from an auxiliary data field of a digital audio signal frame 40, and
associating the label with the time at which it was read as a time-stamped record that
can be stored in a memory for subsequent communication to a central data processing
facility. The second technique is similar to the first, but obtains the program-identifying

label after decompressing a compressed digital audio signal.
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auxiliary data. Indeed the Cyclic Redundancy Check words CRCI and CRC2 have
to be reconputed after these changes are nmade. 3. The Signal _

I dentification Techni ques [0030] In view of the above di scussion, a first
technique for identifying a broadcast in a nonitoring or

audi ence- mEsliP&%eht system having a clock or other tinmePkEEPHF+ eans
operatively associated therewith includes the steps of reading a program
identifying label froman auxiliary data field of a digital audio signal
frame 40, and associating the label with the tine at which it was read as

ti - st t hat . St d i f b t
commun cat | BIH G e aisecc tor Ao bE PHE oo PP rYauioh ¥R BHIAmY echii que
St Sl ( D et ! AL o
oconpr easi Hehiife laskRden SeEART LA 1uLHABRER hESH GHIBH colBRea At
PCTI US02/ 3284l frhB&3Vdn iF Ro tali@lidry 'dala RMisSRERAH, bETRS Frd@Rled tifla i prEber of

bytes required for a program identifying |abel can be relatively snall
Thus, it meynpesl foosendbthert se.a@ue aowdd drcotie a progsang wighal fhyamiting\tkercade imo
auxiliary data field is provided, or if the provided field is pre- enpted
for some otfeerusgdportiansef theframceneddid radgipg hrianihat aneathemisevignoredRy thee code

in non-used .gorti%n%?of the.frane.- e.g., in padding bytes that are
ot her wi se i GHBFEAYY dPRErOEENEPRFB YSdi 0 data processing operations. [0032]

A third technique for a tuned programsignal is to extract a characteristic
feature, or signature, fromthe signal at both a statistically selected

tuni ng sit eoesn] AthirdM&hAiquédi @ tund® ProgRiin §ignas istte ERtrachh CirgReistOfeaturd, O

nonitor all broadcast signals that can be received at the tuning site. The
candi dat e sirgigastureefromaige sigral atiothrstatistieally aelectérbunipg sidopandzat eat dgranore ef er ence
signatures frgmthe nmonitoring site or sites in order to identify the tuned

progr am by ReRiORn gite(terengrd 20 a5 tasmortior ald Sroadedstriggnpls thal sahbegserivediat of

repeated program el enents n be identified by ¢ arj ng candi dat.e
si gnat ur es tg'? g‘ﬁ\"? S“ﬁb%é’?‘.‘“ﬁ%‘%f'%ﬁ““vﬁ ?‘ ﬁmaéh ? r">a{\gr §'/19:o rdé gt?eecr?gl z’Wselggt(r’latur es.

The fourth LRehEL GiRathies SHoM MR mbRitoring site or sites in order to identify the tuned

program by matching the signatures. Correspondingly, the broadcast of repeated
program elements can be identified by comparing candidate signatures from a
monitoring site with a library of reference signatures. The fourth technique is similar to
the third technique, but extracts the candidate signature after decompressing a

compressed digital audio signal, or from original uncompressed digital signal.

[0033] In the third and fourth techniques, the well-defined data formats used for the
transmission of digital signals facilitates the identification of broadcast programs by
comparing signatures. One way to compare signatures is to extract a predetermined
field from a frame 10 of a digital audio signal at both a measurement site (tuning site
and/or monitoring site) and a reference site. In a preferred embodiment of the invention
a checksum field (which is commonly a CRC checksum) is read from each digital audio
frame and is associated with a read time output from a clock or other time keeping
means in a step that forms all or part of a time-stamped record. The CRC is a desirable
signature because it comprises a relatively small data field that is variable enough to

yield a unique signature. It will be recognized, however, that many other portions of a
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the third techni que, but extracts the candi date signature after
deconpressing a conpressed digital audio signal, or fromoriginal
unconpressed digital signal. [0033] In the third and fourth techni ques, the
wel | -defined data formats used for the transm ssion of digital signals
facilitate¥%WB8%Hentification of broadcast prograns by PCBHPIBIHY
signatures. One way to conpare signatures is to extract a predeterm ned
field froma frame 10 of a digital audio signal at both a measurenent site
(tuni ng si tdeta framt/ YY (ergnrthe nen-prggmint lahelingdontente pbareaxdliasy dasa field) eoyld ef er r ed
enbodi nent of fhe inven({?'%o]r}], a checksumfield (which is commonly a CRC
checksum) iUk Bedebior MIPWPASE! audio frame and is associated with a
read tinme output froma clock or other tinme keeping neans in a step that
forns all or part of a time-stanped record. The CRC is a desirable

si gnature HeesuyI8e icbmpiSeh i cTetgmtid Siraded )froﬁff&ldlogj@iFﬂal; uglafly trBgifired S

vari abl e enough to yield a unique signature. It wll be recognized,
however, t hdcuimgry signhlepropessing dorshanfilizg bdtR (Weipérdba6@ oP@rift)SMd/ (@204 3

data frane 10 (e.g., the non-program | abeling contents of an auxiliary data
field) couldangsginthe pagmtudessef thesagnalspacqeiradat pya ¢iffsent looaiiony. itke ¢easerpari son

Sl gnal " oA EB RET H TER oD P PEHOR BrocE b r Qe BroO SRS ang (1)
gnal’ pt 5 . pafosgrinPesge
ocat ons. A NOLEHRRERE e il AN VRN LREE" GUBIE BRI o

mat chi ng preagiestel SosOAHNSLDHAP kny ol REommAdldid) nepdrdl hipifis e RiHet Yiked

al gorithns nmust provide for "sliding" data bl-ocks relative to each other
al ong a ti rkeeping srom, therdas no comespordmgisigmm] fmphode lpradhientst ipaspruchtahéwo t | ne-
keeping errors, there is no correspaondi ng . signal anplitude problens

i nasmuch asmitGling ﬂ&‘ta!?ﬁf“ﬂd’e§P‘gﬁ‘f’&‘F‘§"WFﬂ“°ﬁ‘g’"sf8b'§E-anti ally identical bit for
bit. [00351 The preferred enbodi mrent of the invention conbines all four
techniques in reading a programidentifying | abel froman auxiliary data

{i eld of a [dbﬁgt"[‘%le RUEHQ SinB8Enent! SOHE indtib RhDle aFOS RBRiglROGA f VI NG

abel of enbedded code from a deconpressed
reading a program-identifying label from an auxiliary data field of a digital audio signal
frame, in reading a program-identifying label of embedded code from a decompressed
or uncompressed audio signal, in reading a predetermined portion of the signal frame, in
extracting a signature from a decompressed or non compressed audio signal. The labels,
if found, and the predetermined portion of the signal frame and the signature are
associated with the local time when the frame was read in order to generate a time-
stamped tuning record for each frame of digital audio signal that is received. During
operation, there may not be all four techniques present at the same time. For example,
the original audio signal may be an uncompressed (linear) digital audio signal. Then,
only the third and fourth techniques may be employed. Even in a compressed digital
signal case, there may be a lack of a program label in an auxiliary data field for various
reasons. As long as the system gets at least one label or one signature, they (it) will be
associated with the local time when the frame was read in order to generate a time-

stamped tuning record for each frame of digital audio signal that is received.

4. The Structure
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or unconpressed audio signal, in reading a predeterm ned portion of the
signal frame, in extracting a signature froma deconpressed or non
conpressed audio signal. The labels, if found, and the predeterm ned
portion of the signal frane and the signature are associated with the

|l ocal time™RHE%He frane was read in order to generate BCVP$EP2%4$ anped
tuning record for each frane of digital audio signal that is received.
During operation, there may not be all four techniques present at the same
time. For df8ifdilea prefamedrembodimentdenicteddn digal2, getynibe oaryetificatom sits 3ed

(l'i near) dn%ital audi 9 signal . . Then, only the tg'rd Fqg fourth techniques
may be enpl TPRHSSSBEHIYE 32> & BIIeBEASHemy JPafratuy; Bﬂ%f’ ogk artiming dexiceny pe a
| ack of a ' N a ' [ sons. As
| ong ac ¢ e S RPEUbAREend Pl Sl 557 bl ncloc Bl Bt #870]%, 1

be assocCi ak&divesdiat digitdlautRCalnal ioluivBenR ddnSurhdrBMRcififig HaRvateN 3P ElRR t O
generate a tine- stanped tuning record for each frame of digital audio

si gnal t hatindwtry-swedard8P/DIF caimectst 50 cThertenii® mAGuBSHb OfiAtinR@B/deSRizS 32043

[0036] In a preferred enbodi nent depicted in Fig. 2, a tuning or,

verificati dhc siend tageadcd pperagidentifymg dakebrif gy, and it gpligst m@%temﬁ@
apparatus 48, .a c¢lock.or fim devi ce 8, .and st o e a f or.war di ng
appar at us FPTURY © %‘rﬁ'%l h%‘agE&é?@ﬁ?ﬂeaméf‘%l(tﬂ@efgsc"&%%E%?/‘@)s nﬂ’eoq"ﬁf‘% al audio
si gnal out c r. cahMi iy a

i ndustry- S%%ag%%xg%ﬁ I F@oﬁ%’ef:ht% o?béédoggfﬁ'gﬁgﬁ?ﬁésﬁ%g&é‘&r glreresrtl?m%lepp%? atus 48
decodes t hgredr@iighppaatusesaqFig. PY gyl wenbdeisd if ¥ éinge tahflter, brfin apluraldnd to
collect a predeterm ned portion of each signal frame for signature

anal ysi s (td precesserscoi indurdwiredyircuitie Thesé pigeuitsaray alsngnincappatedings 48, t he
clock or timng device 38, and the storage and forwarding apparatus 52
(Fig. 2) nelfe peelingisitapdororas asipi-alopadayifeer, or in a plurality of
processors, or in hard-wired circuitry. These circuits may al so be
incorporated into the dwelling set-top box, or as a stand-al one devi ce.

[0037] The [pb3g-1ht ARESamPER TordsN Hat ke gIRNIREATHA tRY ik hiéBduinent

measur enent
apparatus 48 are sent to a data storage and forwarding apparatus 52 that stores all or

some subset of these records in a memory 44, for subsequent transmission over a public
switched telephone network 54 to a central data collection facility 46 by means of a
modem 53. It will be recognized that instead of a dial-up modem, other suitable
communication means such as a cable modem, or a wireless data link could be used for

this purpose.

[0038] In more detail, the tuning measurement apparatus 48 is configured to be
connected to a SP/DIF connector 50 that is part of a consumer-owned receiving
apparatus 34, which may be a digital television receiver, a set-top box feeding an analog
signal to an NTSC receiver, or any other such receiving apparatus. As is provided for in
industry standards, the signal at the SP/DIF connector may be either a linear PCM
(uncompressed) digital audio signal at 64 kbit/sec or less, or a non-linear PCM encoded
audio bitstream signal in the AC-3 format and having a bit rate of 384 kbit/sec.
Although the standard allow§ for multiplexed AC-3 streams, the equipment that was

initially placed on the market transmitted only one stream. If two or more streams were
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apparatus 48 are sent to a data storage and forwardi ng apparatus 52 that
stores all or sone subset of these records in a nenory 44, for subsequent
transm ssion over a public sw tched tel ephone network 54 to a central data
col | ection faC|I|t 46 by neans of a nodem53. It wll be recognlzed t hat

i nstead of W aﬁﬁwﬂﬁp nodem ot her suitable comunicati oRCHERS™ Mech as a
cabl e nnden1 or a wireless data link could be used for this purpose.

[0038] In nore detail, the tuning nmeasurenent apparatus 48 is configured to
be connecttedsmited tBPAIDRRtUS of e ysntisn man Ae configpeeel tto slect opppstherdiC-dwned

et <1 0p Do TPUBHEROEeafnkrmiAy Do Sp gAAT 4 e aneser e SR Fonr ner
such recel g BRRAA S, Sk PLAYLAR A Al By bR LcRYangRds. e

signal at t nnect or |ne unconpr essed)

di gi tal audjjghepipfitate oft1994Mblistd. SEEncR! th|eq5?§ferr&f e@bmaedtnaeﬁgea%’m gecoded
audio bitstreamsignal in the AC3 for mat and having a bit rate of 384

kbit/sec. bakl lessegpertsive asd mnctaelihbid thavsitehmate apparttup thakaduités-tie futlEAS, t he
equi prent that was initially placed on the narket transmitted only one
stream |f signgl Bom yathin the pansirgen/ireesivingleqNPIIRBt. 060630 PCTI US02/ 32043
transmtted, the apparatus of the invention nay be configured to select one
of the AC-3 streans for decoding. It may be noted for. any signal

appear | ng 3?)1)5%%?&3% fo? Haf é\‘;%ﬂrt e rﬁelﬁﬁ)r}agﬁ)?j]%t lh?dxﬁ&r&iﬁ%ﬁ It I ?%{t o_deal

with the f bitstream has a nu bit rate o

Moi t/sec. hRigethe tiéndty efeeiednyrivafie naimt pﬂosldmgpmetxﬁ@hsﬁxembm s Gptified ess
expensive and nore reliable than alternate apparatus that acquires the ful

DTV si gnalteihpamai sigriah gmmIMycd?wslmmpls if arc aidiinag meguurgmmanh is. mid208iE a The
records not stored in the nmeno may. be discarded in the interest of
usi ng the r%’ﬁﬁ‘ﬂi?e‘hzles@l‘uﬂpi‘:|°érﬁﬁe§“ vsﬁ?qnés §t°m 3 éis%h%’@ase wesnﬁ'eagmgeﬁ«@nt s

measur enentnebehaaeelh Pz AR, o bBlapSy ERGrort e PRFMELERRRS 17 om o
digital brogdGasts Seqn®7s ?&Wd@ga]éﬂ while the receiving equipment is in active use. Of

course, no data need be collected when the equipment is not in use. Hence if the

monitored SP/DIF connector always provides an output (e.g., as might be the case if an

always-on set-top box digital receiver is used to provide a signal to an NTSC television),

a separate on/off sensor 56 can provide an input to the storage and forwarding unit to

indicate the time periods during which data are to be collected.

[0040] The store-and-forward apparatus 52 in the preferred embodiment assembles
time-stamped records from the inputs. As noted previously, the amount of data sent
from the measurement apparatus 48, which is preferably taken from each frame of the
audio signal, is far in excess of what is required for an audience measurement. Hence,
the store-and-forward apparatus 52 may filter the inputs and generate time-stamped
records from only some of them. A monitoring site used for measurement, on the other
hand, may use essentially the same processes to collect and save all the available data

for subsequent comparison with data from a plurality of statistically selected dwellings.
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interval of eight mlliseconds between frame headers, the nenory 44 need
only retain one out of every 1875 records taken while the receiving

equi pnent is in active use. O course, no data need be coll ected when the
equi pnment is not in use. Hence if the nonitored SP/ DI F connector always
provi des aWOMPPH® (e.g., as might be the case if an al Uelf¥SS%@%dt -top box
digital receiver is used to provide a signal to an NTSC television), a
separate on/off sensor 56 can provide an input to the storage and

f or war di ng l@ﬂﬂlﬂ AtSGhOWmmlFG&t3elr1tQIéeftt¢ avoidattenuatiog thersigngl atliheorcetiver qutaute to be

col | ect ed. and-forward appar at.u E |nt8 refer
enbodi nent * “éss Pfe?ﬁéetg¥ SPPRTSES GciEPHET G ?ﬁé  R5ydes &éepﬁ?}f’ d

ly, t 48,
o e S A ¢ 4418 SRR

excess of %ﬁdmﬂeﬁ-oﬁvﬁéﬂlécfuﬁdné‘n@r TS sipHAll Bk Qo MRAPPABIIE DB -is H‘%l%ea bit Hﬂ@
store-and-forward apparatus 52 nmay filter the inputs and generate

t i me- st anpeldtectoe6®nstd td daverminmd whedlmmeheasdgriahis mundonmpess¢dbflineay) BCMesigrmaed f or
nmeasurenent, on the other hand, nmay use essentially the sane processes to
col | ect an®* avACH) pighghetoatpaie @BI‘%Céaftl&Pale @ra §@B’§e‘&ﬁ@4ﬁ’f 7@0%1‘9 Qe Wi t h

data f | ura tis al | S Lin 03/ 060630
peT T Usoal s e PRt PeR Rttt i b pfo e EodEChee? rbtiTR (P EEEKat | g
the signal &&a&@ﬁb&ﬁe@w&g cdtdl B the §1%%1)%B9?J@§1 n ?eﬂ?a@fo?%@&ht 4 ggp“ ses a

repeater circuit 64 that provides a reépeated to a secon / DI F
connect or GRe kigadl is am theeAQsEe thrinet, filw ﬂmﬁh ds¢qgenl e pmidae RigY contéis oY - owned
equi pnent. The signal input to t he apparatus 48 1s fed to a bit rate

det ect or 68uwdieny data fibdd @framie iepredeat) laed a tdpy of A gredeteinsined porgamgfitesaoe (| i near)
PCM signal or an AC-.3 signal, to route the AC-3 signals to a frame decoder

70, and to F-8uths C%@B‘ﬁb?sé’é‘%‘& tpentoss-gthiosvard apRaatusy %e il dides deender r eader
Co ST e o 0ed b B deBGho IRGR ML BRES bipfT AR Q') and

to a signature EX ractor cilrcul for mat,

the frame dafeged cbde RaQM ﬁe&dt € sEARLRNEadbr M) TRUX hatalreyexﬂaét@r jield (if
one is present) and a copy of a predeterm ned portion o the frane
may supply the candidate signature from the decompressed signal, or the candidate

I

signal from the uncompressed signal to the storage and forwarding apparatus 52.

[0042] The preferred embodiment may collect data from a linear PCM audio signal,
which may be originally uncompressed, or obtained from. the transmitted non-linear
PCM encoded audio bitstream signal by a decompression process that is part of the
standard operation of recovering the signal that was compressed prior to transmission.
The third and fourth techniques mentioned previously can be employed in these kinds of

situations.

[0043] U.S. Patent Application Serial No. 09/116,397, filed July 16, 1998 and assigned
to the assignee of this application, and U.S. Patent Application Serial No. 09/428,425,
filed October 27, 1999, and U.S. Patent Application Serial No. 09/543,480, filed April
6, 2000 (each of which is incorporated herein by reference) disclose methods and
apparatus for encoding audio signals by spectral modulation. These coding

arrangements are selected so that the code survives subsequent compression and
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(e.g., the CRC field) as outputs to a store-and-forward apparatus 52. The
frame decoder 70 also has an output to a deconpression circuit 76 that
supplies a digital signal to the enbedded code reader 72 and the signature
extractor 74. The signature extractor 74 may supply the_candi date

si gnature YOMRYY deconpressed signal, or the candi dat ePCEPYREE™? r om t he
unconpressed signal to the storage and forwardi ng apparatus 52. [0042] The
preferred enbodi nrent may collect data froma |inear, PCM audi o sjgnal,

whi ch may Isecampregsioal i dwengsr eemseaibleo withhvaione adigitad njigned transmissPR t ed

non-1linear P enco audi o bitstream,signal by a_deconpressi on.process
that is parf® "I“df'Pﬁéwaigﬁﬁg%é"ﬂzegb@?ﬁ’?oﬁ?dwlﬁ &%Uépﬁsﬁlba?ﬁﬁvé §F'b§’lﬁ€wt‘lﬁat was
conpr essed i } SS| i i

okl oned. AeLUReidRd AR IORAN. HERR, 8 oAl Oidiidhe o BRGS0
U. S. Pat entattAppisits flcb @ adercoddd geararfl YbdlLord Ae PENlagdlo dighyl, ilich H3P8e and

assigned to the assignee of this application, and U S. Patent Application
Serial No. @&cdDBred28,audibi dignal. Cot other arfngem @80 of angtsd,.agdioRatdesnmay\ppl i cat i on
Serial No. 09/543,480, filed April, 6, 2000 (each of which is incorporated
herein by reqaveeddegm dnsanplogcaugdion Higkpd. BiSh asagnsatesqvigeeds 5om e BIPRIY G IUdi o
signal s byoaagaectral dul ation. These coding arrangenents are selected so
that the cAEENAIPFPEE" subsequent conpression and 16 WO 03/ 060630

PCT/ US02/ 32043 deconpression and is hence conpatible with various digital
signal transm ssion standards. It will be recognized that other coding

arr angement[@044) s disousseldearief, anid kivbivh in liee) brdedcaltap@Bursment ity tb leksadpr ocess.
Hence, the preferred enbodi nent of the invention attenpts to recover an
encoded pr odgratwrdsafrein ¥ideenangler RGP atighials gndyie | comphrie cthesgnvith erefegence
deconpressed audi o sigggl. I n other arrangenments, of course, augio codes
may be recHERSHES MEFFDRY éﬁ‘&lab@eé‘bsdgﬁm WA Progsafp (5ieqals o IR therisiFEedd from a

m crophone %(ydlar‘rcl:e%g' O fhe %{?\%‘2‘@?@ a & (‘%ngéfér g ??u&ke%cﬁlcﬁ'ﬁ %qmgﬁ‘rlldl\ﬁ ra’udiiotsié.nﬁl, known in

the broadcadt Easurensn
and is stored, with other identification data as a time-stamped tuning record. Although

the preferred arrangement calls for extracting this signature from a PCM digital audio
data stream, those skilled in the art will recognize that oné could also elect to convert the
digital audio signal to an analog signal and then extract the signature by methods such as
those described in U.S. Patent Nos. 4,697,209 and 4,677,466, (both of which are

incorporated herein by reference).

5. The Process

[0045) The preferred embodiment of the invention runs four identification processes on
a received signal and generally operates in a parallel fashion, as depicted in the flow
chart of Fig. 4. It will be recognized that inasmuch as any one of those processes can
yield a positive identification of a program signal, fewer identification processes can
also be used. Moreover, instead of collecting all of the identiﬁcation data all of the
time, one could elect to set up a hierarchical collection scheme, such as the one
disclosed by Thomas et al. in U.S. Patent No. 5,481,294 (incorporated herein by

reference), that initially looks for a preferred identification datum and collects an
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signatures fromvideo and/or audio signals and to conpare these with
reference signatures extracted by sim/lar neans from known program
signals. In the preferred enbodinment of the invention, a signature is
extracted froma |linear PCMaudio signal, and is stored wi th ot her

i dentificalOSH%PY as a time-stanped tuning record. Alt REEYROZ32HI
preferred arrangenent calls for extracting this signature froma PCM
digital audio data stream those skilled in the art will recognize that
one coul d altemaig|daim erdy zfcshﬁ/fé\sttoqeh%not@mgiablal Fauexamplei gmﬁoutdcsoa whal og

L TSRS BRI EGR o 7
i ncor por at g QF Sh o i %Fuﬁ%ﬁ'%ﬁx)o ddd cI cﬁx fiSintROdbmphSseR it I ed
atlion proc a

enbodi nent e 1nvention runs our sses 0

recei ved s|aga@Img’;\,apb,ﬂ;}eﬂmeadnlgmpggeéaatm,qux fﬁ:]d)ﬁ[]@d | el fashion, as depicted
inthe flow chart of Fig. 4. It will be recogni zed that |nasnuch as any

one of those processes can yield a positive identification of a program
signal, fewer identification processes can also be used. Mreover, instead
of col | ect i [AgA6) Norggver,paecauldtalso; dleat |t@ﬁuualpalpkﬁ idegglicatipn propesses a8Ado coul d

el ect to se erarchical c i on such as

i scl osed HyerTROMuArEE Hjone (e eralablecqana 5 at apihednpr GeRh it e
herein by dehiafb 42 NPh SRlbicld o phRRSaliicRioR P Wl thalt M b | Cati on
datum and co cts&a i r)J(%l'ﬂ}’OGOGSBSPCTIUSOS?%’ZO(M%;e af?g?gate ggtun1only

if the firsAUNMRIA, $hab6ddeavatiedRE@ sighdlire CHATBE Saved AEthe OrlechtapRl r@orde a
systemin which a programlabel was initially sought in an AUX field 31 of
a digital B gméihud withitheaaxdmple, ifivoctUX rodnyetifbedd bk amteddadingide wam t he
deconpressed digital .audio signal only if the attenpt to read the AUX
field fail ggad [tgw%i? NeagBs apd thembegdidicode cquld) kectaved, for gtrigyal thypthe

|dent|f|cat|opl%ro%g agon nd. to then select from anong the avail abl e data
at the time 2 ¢ine-8 L' %ord was assenbl ed (step 42). For exanple, if
a positive |dent|f|cat|on | abel was read from an

[0047] In Fig. 4, the digital audio signal associated with the program is obtained at the
SP/DIF connection in step S1. The program-identifying label is read from the auxiliary
data field of a digital audio signal frame in step S2. A checksum field (which is
commonly a CRC checksum) is read from each digital audio frame and is associated
with a read time output from a clock or other time keeping means 38 in a step S3 that
forms all or part of a time-stamped record. If the received digital audio signal is a
compressed signal, it is decompressed at step S4. In step S5, an encoded program label
is recovered from the decompressed audio signal, PCM audio signal. In step S6, a
signature is extracted from a linear PCM audio signal, and is stored, with any other
identification data, as a time-stamped tuning record in step S7. While the preferred
embodiment conducts four signal identification procedures in parallel, any combination
of two or more of these procedures could be conducted in parallei or in series. For
example, the process could first determine whether the received signal was compressed,
and then invoke the appropriate program-identifying and signature extraction steps.

One could also elect to run any combination of these identification procedures, and then
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AUX field, that code and the CRC signature could be saved as the

ti me-stanped record. To continue wth the exanple, if no AUX code was
found but an enbedded code was read, the CRC signature and the enbedded
code coul d_be saved for retrieval by the central data collection facility.
[00471 | n WOP39P634 he digital audio signal associated wi FRIPHRPYRdgram i s
obtained at the SP/D F connection in step S 1. The programidentifying

| abel is read fromthe auxiliary data field of a digital audio signal
frame in stselectSFomAamheg kbemvailabled dqtavrdt cthe j time gbentined-statapedREcedders un) i s
read from each fi gital audio franme and is associated wth a read tine

out put frof¥mM¥ck or other tine keeping nmeans 38 in a step S3 that forns
all or part of a tine-stanped record. If the received digital audio signal

is a conpressed signal, it is deconpressed at step S4. In step S5, an
encoded pr qee48NAsaiétiond Spre oML tRApopAM b8 (885 RRTHERLANR @e algnal , PCM
audio signal. [n step S6, a signature is extracted froma |inear PCM audi o

si gnal , andatasfieltiansd be wintddedrby thi Heroadcastkestand/oc ptdgeam ghaddaceraas As an
time-stanped tuning record in step S7. Wile the preferred enbodi nent
conduct s f clternativprrapgram ddanfifyinggoderihqbreedsasiera and/or agy oger participanyindberbi nat i on

of two or re of these procedure oyl d be_conducted .in parallel or in
seri os. For QRiRpPEien FEy R BBETP U P Heran SYSge [UoTRArien RECRRAnUAE
received sigpal ty@ﬁﬁfgcﬁg&g g%&qt IDQ%QQ dgp invoke the appropriate

programidenti fuyl ng nature extraction steps. One could also el ect

to run any diprikdrat datinGhe bitedRa idANTAS yet ahdthet dAMeRa@efBgramdtéhtiffigy 18 WO
03/ 060630 PCT/ US02/ 32043 select fromanong the available data at the tine

t he ti me- stadpdht breadvadersand/oagbar pbiticpant] i6 thkadistAbutivarsy stom adhy pdsevdopyis| y, t he
program | abel (e.%. , identi f§i ng label) in the aux data field may be
encoded by RregFam rejaled datadram Hiyream dstacqypasrAutsidscitie @px datadieldyintogthe @ppat i ve

program i dept.ifyi code,. he.fj. d ters and/ qr ) her. parti.ci pant in
Phe " arst r Bt helh " ByroResnt Vel bBR G BT oo el S Bl B et | on
Protocol ), a%m{)plfnfonnation. Furthermore, the SP/DIF standard allows for non-audio data

instead of, or in addition to, the non-linear PCM embedded audio bitstreams. The

digital signatures and auxiliary codes may be effectively applied to identify or monitor

non-audio data that includes Internet and other data transmission applications. All such

alternatives are within the scope of the appended claims.

6. Conclusion

[0049] Thus, what has been described is a digital audio signal recognition system and
method which accurately and reliably detects digital audio signals. The system
according to the present invention will find use in verification sites, reference library
sites, audience monitoring dwellings, and in any site where the monitoring, storing,

and/or comparison of digital audio signals is required.

[0050] The individual components shown in block or schematic form in the Drawings
are all well-known in the signal processing arts or are described in the documents
incorporated herein by reference, and their specific construction and/or operation are not

critical to the operation or best mode for carrying out the invention.
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Content ldentification (Content ID) data, and/or other useful data in the
aux data field. As yet another alternative programidentifying code, the
broadcasters and/or other participant in the distribution system may al so
copy programrelated data frombitstream data areas outside the aux data
field into™HHBO4X® data field. The statistical avail abi PFTYSBR2M8 yf i ng
can be also utilized to deliver viewing activity information. Furthernore,
the SP/DIF standard allows for non-audio data instead of, or in addition
to, the non-linear PCM enbedded audio bitstreans. The digital signatures
and auxiliary cqodes nmay be effectively applied to identify qQr nonitor

non- audi o daystT Kaile e presits SveHion e peea gt &bngw'tha%sae% FRNEHIS Ry
applications, .. c al ternati e, W thi e pended
oo e b, it R e Bl bt e iy Wb g Bkt oS RO i TE P

audi 0 si gnajot lifERIR thi ARcRYR APodinttntsMENAE coMiah tRGAWELE YinRRdEdte! | ably
detects digital audio signals. The system according to the present

i nventi on vdolvér viariogs msdifitationeandfdqaidhlentrstimttumes and Afnetiens dicludetd mdthin thei t es,
audi ence nonitoring dwellings, and in any site where the nonitoring,
storing, amititend scoppefthe eppendedgiaifng.al audi o signals is required. 100501
The i ndividual conponents shown in block or schematic formin the Draw ngs
are all well-known in the signal processing arts or are described in the
docunents incorporated herein by reference, and their specific
construction and/or operation are not critical to the operation or best
node for carrying out the invention. 19 WO 03/060630 PCT/US02/ 32043 [00511
Wil e the present invention has been described with respect to what is
presently considered to be the preferred enbodi nents, it is to be
understood that the invention is not limted to the disclosed enbodi nents.
To the contrary, the invention is intended to cover various nodifications
and equi val ent structures and functions included within the spirit and
scope of the appended cl ai ns.

20



20 WD 03/ 060630 PCTI US02/ 32043 WHAT IS CLAIMED |I'S: 1. Apparatus for
identifying a digital audio signal, conprising: an input which receives
the digital audio signal; and structure configured to (i) identify a
programidentifying code in the received digital audio signal i)
i dentify awﬂlpéfﬁ%ﬁ?‘hi dentifying code in a deconpressed o?cﬂ?‘?d’yﬁi?hssed
received digital audio signal, (iii) identify a feature signature in the
recei ved diWHAJIISACOABMEDdJSal , and (iv) identify a feature signature in the
deconpressed or unconpressed received digital audio signal. 2. Apparatus
according to Claim1l, wherein said structure tine-stanps the identified
signals. 3. Apparatuk Aprasatei fagidenifiying p digital qudiorsignal, eemprisingi ng a cl ock

whi ch supplies a cl ock si n(gll to s id.st{u ture. l_4. Appar atus according to
Olaim2, further corBhRmas rehss eristal LA SeTgLahd | mo- st amped
identified signals. r ohi t,0 [q : t . rising
transm ssion str uctsgrrug o(r%t gﬁgﬁ%&f@i ﬂgﬁ}t e g%%@ﬁ?tfwés{&g%%g@

i denti fi ed r&egBdbigitilQuaioGRinkk Gif)ii@dmtis] 4 frograf-idFARA Lo iAG@eEHpi&@sd0 C ai m
1, wherein said structure is disposed in a dwelling. 7. Apparatus

accor di ng oo utomipmsicd mebeves digitaliaddietsignal, ((iii¢ ideptif}i & fraswa signatura invehie f i cati on
site. 21 WD 03/060630 PCT] US02/ 32043 8. Apparatus according to Caima1l,
wher ei n saifeseived digital pudip siegpls prdd(eq identity fegrhiersignatyly igjthecdecampragsedierat us

accor ding (0. Ql ol 1t S ASE SHPLLSI N9 @ tuner whi ch

2. Apparatus according to Claim 1, wherein said structure time-stamps

the identified signals.

3. Apparatus according to Claim 2, further comprising a clock which

supplies a clock signal to said structure.

4. Apparatus according to Claim 2, further comprising a memory for
storing the time-stamped identified signals.

5. Apparatus according to Claim 4, further comprising transmission

structure for transmitting the stored, time-stamped identified signals to a collection site.

6. Apparatus according to Claim 1, wherein said structure is disposed in

a dwelling.

7. Apparatus according to Claim 1, wherein said structure is disposed in

a verification site.
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recei ves a
sai d input.

programidentifying

broadcast program signal and outputs the digital audio signal

10. Apparatus according to Claiml, wherein the

audi o signal(gﬁ a broadcaster and/or a program producer. . par

accordi ng Y&

System I nformati on Protocol (PSIP) data, Content ID data, and/or ot
useful data which are placed in the aux data field by the broadcaster

and/ or any

according to C.ai.m 10, wherein the programidentifying

ot her paPt APPatis ageprdingeto @ilaimy |, prheregsaid sirustyre is Aisppged an

code is placed in an aux data field in the digital

at us

11
S 10, wherein the programidentifying BoHES®E208 ogr am

her

at us

code i s program

rel ated dat®d™RPERE % copied from bitstream data areas outside the aux

data field
parti ci pant

transm ssion. 15. Signal identification structure which receives an input

into the aux data field by the broadcaster and/or other

to

in the distribution system 13. Apparatus according to Caim

10, wherein the Stufbi ngppafatal decdr@idg tidIAIn0 At farthét @mpeisihg @SRAGOSHhiER Vi ew ng
activity information. 14. Apparatus according to C aim 10, wherein
progr am i desdeivey h hrpadeetdgogran sighd ahd attpute thei digitill awloe sigsptorsdidtiopwn | nt er net

digital audio signal, conprising: 22 WO 03/060630 PCT/ US02/ 32043
structure.gconfigured to..perform |,east .one of . .(i)..determ ning
cat 1 on codl PieBRALS SecefaiB e, Pt ueRdh o olamylirtinifh.

processi ng
an identifi

digital aygdhoissiisRatn atRtk & a8 1Y il ARAS HbRal fb(% QEHr@adQé%fetr a0}

conpr essed
i dentificat

received input digital audio signal; an 1) determ ni

t he

si gnal

sai d
ng an

progiafi @etelutérom a portion of an unconpressed recei ved i nput

digital audio signal, and extracting a signature froma portion of

unconpressed received input digital audio signal. 16. Structure according
to C aim15, mhereinlfaid signal

.ocessl : iy e
Apparatus accoPng to élaﬂxg 10, wherein the program identifying
code is Program System Information Protocol (PSIP) data, Content ID data, and/or other

useful data which are placed in the aux data field by the broadcaster and/or any other

participant in the distribution system.

12. Apparatus according to Claim 10, wherein the program identifying
code is program related data which are copied from bitstream data areas outside the aux
data field into the aux data field by the broadcaster and/or other participant in the

distribution system.

13. Apparatus according to Claim 10, wherein the Stuffing is altered

with data which corresponds to viewing activity information.

14. Apparatus according to Claim 10, wherein the program-identifying

code and the feature signal correspond to an Internet transmission.

15. Signal identification structure which receives an input digital audio

signal, comprising:
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structure perforns both (i) and (ii). 17. Apparatus according to Caim 15,
wherein said processing structure tinme-stanps determ ned and/ or extracted
signals. 18. Apparatus according to Claim17, further conprising a clock
whi ch supplies a clock signal to said processing structure. 19. Apparatus
accor di ng g’é’”éf"ﬁ‘?“f’rq 17, further conprising a merory f.or - SEHUPRGAMRe.

ti me-stanped signals. 20. Apparatus according to Caim19, further
conprising transmi ssion structure for transmtting the stored,
time-stanped signal ssigpalapreesissieg siregtursjcorfigwead toaperierar aksleagtcanedtthdilt o O ai m
15, wherein, said.processi.ng.strycture is dissposed in a dwelling.. 22.
Apparat us SETSPEEA geBaRtiangde fibm Aaeioo s 3 CBWB@é%&r?fgw\sf?me&ﬁsi@% i s

di sposed i nadﬁiovgédai '&atéx%ctﬁféﬁrsigﬁﬁ?rgpfpﬁ%ggo doriagf:QJigj'cQLqutegsegjrgécme&5’

wherein sai d protessing stru sed 1n a nonitoring site. 23 WO
03/ 060630 Radit\dial At dgnadandABPaéerisin@ e e ftib® cSdedfrdih 4 DortloHldrher

conprising a tuner which receives a broadcast program signal and outputs

t he di gi t al anaurdoroprsssgd adceived srgiut digpal andie signgl, and exttagtisg a Rignatdrefinhad f or
identifying a digital audio signal, conmprising the steps of: receiving the
di gi t al aud?%“@i‘%ﬁﬁp uaeonamesswg%we&nep%élrsﬁ?lgayglmgsnplr- ocessing structure to
(i) identify a programidentifying code in the received digital audio
signal, (ii) identify a programidentifying code in a deconpressed

received digital audig sdfR £d 5% iu?é hf %6 i L8 Sighn Ln the
recei ved digital audio :$I gng{re, and (5 v F&d’gnt i’fyea galt ur ngs?‘téﬁ{astaa e in the
deconpr essegructure performs both (i) and (ii). -

17. Apparatus according to Claim 15, wherein said processing structure
time-stamps determined and/or extracted signals.

18. Apparatus according to Claim 17, further comprising a clock which

supplies a clock signal to said processing structure.

19. Apparatus according to Claim 17, further comprising a memory for

storing the time-stamped signals.

20. Apparatus according to Claim 19, further comprising transmission

structure for transmitting the stored, time-stamped signals to a collection site.

21. Apparatus according to Claim 15, wherein said processing structure

is disposed in a dwelling.

22. Apparatus according to Claim 15, wherein said processing structure

is disposed in a verification site.

23. Apparatus according to Claim 15, wherein said processing structure

is disposed in a monitoring site.
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received digital audio signal. 26. A nmethod according to C aim25, wherein
sai d processing structure tine-stanps the identified signals. 27. A nethod
according to Claim26, further conprising the step of supplying a clock
signal to said processing structure. 28. A nethod according to Cl aim 26,
further cofPLHUY the step of storing the time-stanped?FHEMNEFE*:d
signals. 29. A nethod according to Caim28, further conprising the step of
transmtting the stored, tinme-stanped identified signals to a collection
site. 30. A nethod according to Caim25, wherein said processing structure
is disposed in a dwelling. 24 WO 03/ 06%33.0 r%llglsow 32043 31. net hod
according to O ai m 28% (REFEPHacegrdipe e fday F GUTRfIENS 3 Bingf ‘éﬂiﬁged in a
verificati i.te [ b:03,.45 LN Sal:

pr ocessi ngqg‘fe?\{f%taurbg&dlc@ gﬁé%grges%%?ﬁggd %W}‘lgoﬁeﬁ%g}st%t?dmgg{gﬁ% tr?et?zh(gd

accordi ng todekdhgdRtdiewrd Urt her conprising the step of using a tuner to
recei ve a broadcast program signal and output the digital audio signal to
said - input. 34. A signal identification process which receives an input
digital audio signal, conprising the steps of: performng at |east one of.
i) deternining an i dént Afmethad fonideptifying ashigital pisliq sigpal.spmprisipg Hssteps ed

recei ved i n&_ut digital audio signal, and extracting a signature froma
portion of“'said conpressed received input digital audio signal; and ii)

determ ning an ident idLoabiu¥higtHGudis QA P bR anBl an
configuring processing structure to (i) identify a program-identifying
code in the received digital audio signal, (ii) identify a program-identifying code in a
decompressed received digital audio signal, (iii) identify a feature signature in the
received digital audio signal, and (iv) identify a feature signature in the decompressed

received digital audio signal.

26. A method according to Claim 25, wherein said processing structure

time-stamps the identified signals.

27. A method according to Claim 26, further comprising the step of

supplying a clock signal to said processing structure.

28. A method according to Claim 26, further comprising the step of

storing the time-stamped identified signals.

29. A method according to Claim 28, further comprising the step of

transmitting the stored, time-stamped identified signals to a collection site.

30. A method according to Claim 25, wherein said processing structure

is disposed in a dwelling.
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unconpressed received input digital audio signal, and extracting a
signature froma portion of said unconpressed received input digital audio
signal. 35. A process according to Caim 34, wherein both (i) and (ii) are
performed. 36. A process according to Claim34, further conprising the step
of tine- s?@Hﬁoﬂﬁ et er ni ned and/ or extracted signals. 3PCT/ES ‘BPHESS
according to Claim36, further conprising the step of supplying a clock
signal to at |east one of said determning steps. 25 WO 03/060630

PCT/ US02/ 32043 38. Al.pfometbed agserdingi tadlaim 1, aihareB6said proedssing sawaiure si ng t he
step of storin éhe ti sta ed signals. 39. A process according to Claim
38, furtheﬂséﬁng gVH&’ fogsy transnmitting the stored, tine-stanped
signals to a collection site. 40. A process according to C aim 35, wherein
said determning step is performed in a dwelling. 41. A process according

to Cai m 35, wherein3gaiadmetb®hdtbringSo 1AM 25 wheRid QidBdcdsting sthihirf | cat i on
site. 42. A process according to Caim 35, wher ei n sai d determning step is

per f or med iindaposediintaomomipring sike. 43. A process according to d ai m 35,
further conprising the step of wusing a tuner to receive a broadcast
program signal and output the digital audio signal to said determning

step. 44. A process cordi to d.aim t rising the step of
deconpr essi ng t he reg ZI}?’ |atc8?rd§§&f’§:r‘1§‘f'bzg 1!?‘”5‘5{ <9 pé‘ﬁ'r‘r‘ﬁdﬁ%ﬁ"? é’gdabl e

t t hod
fs o?r :’alg g ntrf:E ]EU;I Svmﬁeg Fngfé{@ég eeéblglﬁ'cg:agl g&r?i)zfrﬁ mgﬁ a gg% Bﬁh@t et%)é)dlﬁﬁa[l T2¥di8 Ypnd 1St NO

said input.

34. A signal identification process which receives an input digital audio
signal, comprising the steps of:
performing af least one of:

1) determining an identification code from a portion of a
compressed received input digital audio signal, and extracting a signature from a portion
of said compressed received input digital audio signal; and

if) determining an identification code from a portion of an
uncompressed received input digital audio signal, and extracting a signature from a

portion of said uncompressed received input digital audio signal.

35. A process according to Claim 34, wherein both (i) and (ii) are

performed.

36. A process according to Claim 34, further comprising the step of

time-stamping determined and/or extracted signals.

37. A process according to Claim 36, further comprising the step of

supplying a clock signal to at least one of said determining steps.
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readabl e storage nmedi um causi ng the one or nore conputers to performthe
steps of: inputting the digital audio signal; and configuring processing
structure to (i) identify a programidentifying code in the received
digital audio signal, (ii) identify a programidentifying code in a

deconpr ess¥@ OPlg@g?O\/ed digital audio signal, (iii) identi ?@/T"a\-sqﬁ-’é-za“t‘ﬁr-e
signature in the 26 WO 03/060630 PCT/ US02/ 32043 received digital audio
signal, and (iv) identify a feature signature in the deconpressed received
di gital audi o signal38-46" prcesspeardipg e &daipy 6, fidhen gempEdng heatteR i ng to
Cl ai m 45, mhergi . sai.d rocesping structure is configured to time-stanp
the identi fi°588 GBH%T%?“ S8R¥onput er readabl e st orage nedi um according to
Claim 46, further conprising the step of supplying a clock signal to said
processing structure. 48. A conputer readable storage nmedi um according to
Cl aim46, further Cc39IPA pioBGs lab&rdihg Ro Wlaifmt 38, i fugher ROmMptisiRg SHeastRL df
identified signals. 49. A conputer readable storage nedium according to

Cl ai m 48, fuansrhiging theovipred, dimecstaniped sigapls bf a ¢allaetiomistte.i ng t he st ored,
time-stanped identified signals to a collection site. 50. A conputer
readabl e storage nmedi um according to C aim45, wherein said processing
structure is disposegyip g ekl ity @loiaiy $TRUIG i€ 8BRS LARgE modi um
according to d aimd45y vherel nosal & processi’ng structure iI's isBosed in a
verificati QRrfsinied in 2dwelfingomput er readabl e storage medi um according to

Cl aim45, “"wherein said processing structure is disposed in a nonitoring
site. 53. A conputer readable storage nedium according to C aim45, further
conprising the step of using a tuner to receive a broadcast program signal
and output the digi #hl Aarrekess acouding todClain 3P, prhsreins sdidh detemminiog wiep. is

performed in a verification site.

42. A process according to Claim 35, wherein said determining step is

performed in a monitoring site.

43. A process according to Claim 35, further comprising the step of
using a tuner to receive a broadcast program signal and output the digital audio signal to

said determining step.

' 44. A process according to Claim 35, further comprising the step of

decompressing the received digital audio signal.

45. A computer readable storage medium which causes one or more
computers to carry out a method for identifying a digital audio signal, the computer
readable storage medium causing the one or more computers to perform the steps of:

inputting the digital audio signal; and

configuring processing structure to (i) identify a program-identifying
code in the received digital audio signal, (ii) identify a program-identifying code in a

decompressed received digital audio signal, (iii) identify a feature signature in the
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27 WD 03/060630 PCT/ US02/ 32043 54. A conputer readable storage nmedi um
whi ch causes one or nore conputers to carry out a signal identification
process which receives an input digital audio signal, the conputer
readabl e storage nedi um causi ng the one or nore conputers to performthe
st eps: per\‘VBrOH‘g??ﬁmat | east one of: i) determ ning an i defft¥¥3%3%*dn code
froma portion of a conpressed received input digital audio signal, and
extracting a _siq?nat_ure froma portion of said conpressed received input
di gi tal audewived gieatal audindsignal, and (i) adentifyce featuraisignatire dmtheslscaentesséd om a
portion of an. Hco%}prgssed ];ecei ved input digital audio signal, and
extracting r%Feg’Fé BRUIOSERa  portion of said unconpressed received input
digital audio signal. 55. A conputer readabl e storage nedi um according to
Claimb54, wherein both (i) and (ii) are perforned. 56. A neasurenent

apparatus for deternigi ng dmpater Gbadablp! $i6rad tmedtim adiBdiha!th YClpmpagcast
program signals is tuned by a broadcast receiver apparatus having a

recei ver owlprin sxghpreaissing ftarctuneispofigureg ta tichegtangl thaiddntifiedisggnalk., t he
measur enent apparatus conprising: an input connector configured to connect
t he measurenent apparatus to the receiver output connector; a repeater

circuit configured to receive the digjtal audi o sigpal d t S ly a
repeat ed copy thereo%‘t‘gcgﬁp‘gﬁrtrﬁfﬂagffg HEEY I%Pﬁcf)gﬁ“%?ac{]ﬂ@%e&gﬁlggnent
appar at us; : [ : j ; a decoding
c!orpcui t ha\f?rr?ghgﬁé&lhﬁgﬁ b?%ﬁg’{lﬁ% %?&8(%{5?‘3‘? %éﬁg %’gﬁsgﬁ%tgji t configured to

read an ancillary code fromthe digital audio signal and to associate a
read
48. A computer readable storage medium according to Claim 46, further

comprising the step of storing the time-stamped identified signals.

49. A computer readable storage medium according to Claim 48, further
comprising the step of transmitting the stored, time-stamped identified signals to a

collection site.

50. A computer readable storage medium according to Claim 45,

wherein said processing structure is disposed in a dwelling.

5I. A computer readable storage medium according to Claim 45,

wherein said processing structure is disposed in a verification site.

52. A computer readable storage medium according to Claim 45,
wherein said processing structure is disposed in a monitoring site.

53. A computer readable storage medium according to Claim 45, further

comprising the step of using a tuner to receive a broadcast program signal and output the

digital audio signal to said processing structure.
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time therewith; 28. WO 03/060630 PCTTUSO02/ 32043 a signature extractor

havi ng an input fromthe clock, the signature extractor configured to
extract a digital signature fromthe digital audio signal and to associate
the read tj herewith; a nmenory configured to store a plurality of data
records, egﬁm@?“ﬁwe data records conprising a respectieglpgﬁﬁz@/‘l”rre and at
| east one of the ancillary code associated therewith and the digital
signature associated therewith; and a conmmuni cation device configured to
communi cate the pl ur&fi tA conpulen radablecgiprgge msdimmy whighcgnsee ong on maaei | ity.
57. The neasurenent apparatus of. C al m.56, wherein the digital si.gnal

conpri ses &°URYEENRSABY Uf 3 feral '(5'8'3%{"8'[‘0'1 Pracest ahich reestyssi i'ﬁ@“téﬁff' pective
auxiliary i i t i : i h of the
e ames. fur Cha e B B e S e R aE .

si gnat ure. td@erfditthemasstr ement apparatus of Caim 56, further conprising: a
signal deconpression circuit for converting the sequence of franmes into a
PCM digital signal; gerfenggatttegodeény circuit configured to receive the PCM

signal, to extract an enpbedded second ancjll.ary code therefrom and to
associate the read time Dhésiaminipg ap idenuhication (6ode uirem ezt PO cdnf i gur ed

[ he P ' l . . d.digital si h f
and to. aseoerare T e el deeRidEsiend, SER0 e Faleiera th ot oa "

records furgftggacg,g&%gggeéfreﬁei%d np@sfigiRDRudd sigda angmbedded code and the second

digital signature. e nmeasurenent apparatus of C aim 56, wherein the

digital signal conprisesiiadeehisingnal ideaiificatior hwdarfedm | Apyrtiondel embedded
t her ein.
uncompressed received input digital audio signal, and extracting a signature from a

portion of said uncompressed received input digital audio signal.

55. A computer readable storage medium according to Claim 54,

wherein both (i) and (ii) are performed.

56. A measurement apparatus for determining which of a plurality of
digitally broadcast program signals is tuned by a broadcast receiver apparatus having a
receiver output connector for outputting a digital audio signal, the measurement
apparatus comprising:

an input connector configured to connect the measurement apparatus to
the receiver output connector;

a repeater circuit configured to receive the digital audio signal and to
supply a repeated copy thereof to an output connector portion of the measurement
apparatus;

a clock configured to supply a read time output;

a decoding circuit having an input from the clock, the decoding circuit
configured to read an ancillary code from the digital audio signal and to associate a read

time therewith;
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29 WO 03/060630 PCTI US02/ 32043 60. The neasurenent apparatus of C aim 56,
further conprising structure which determ nes whether the digital audio
signal output fromthe receiver is anon-linear PCM encoded audi o bitstream
signal or the |inear PCM audi o signal. 61. The neasurenenf_ apparatus of
Cl ai m 56, WREPE%Y he receiver out put connector conpri s%éTfﬂﬁgng F
connector. 62. A nethod for generating a time-stanped tuning record for
determ ni ng which one of a plurality of programsignals is selected at a
receiving site by aarsigneiugeextssioirbaving sy from desoiclpsk. Bigt peratwennect or
configured to output a digital udi 0.signal. unjguel.y, associ ated with the
sel ect ed or’f’étr?)qort‘ﬁak%‘frﬁcgfoa?ﬁt%aftgﬁgigétf‘l TER ?&O{natllhg%éﬁﬁ%l o ?é'ﬁ&%l Qi sing a
sequence of, f raneg. eB{'ﬁm@‘a{eE&chconp” sing the steps of: receiving the
di gi tal audio si gnaﬁ romthe réceiver output connector; supplying a
repeated copy of t headiegiohyadonfigtle® tSiterd alphirglitnof @ath Ridbrds,GatefahOdatdt her
than the receiver output connector; attenpting to read, froma
pr edet er m mewbrdsi edmprisingoagespectivieerehd dwmes anda at leastpens of dhd angllarprrodé | ar y
code fromthe di %i tal audio signal; copying a predetermn ned portion of one
of the frarfsiocigtedsherevdpheandithedigitsl signatyre gssosipted thereyyiths @d assenbl i ng the
time-stanped tuning record froma read_.ti datum .r esent.i.n time at
whi ch the one of t he® FPEEBICRRR e ronsuiEy o ormlnisar I BRurty gt foud
connect or apg @t haakoRBoPfacliine first ancillary code and the first '
digital signature; and conmunicating the tine-stanped record to a data
collection facility. 63. The nethod of C aim 62, conprising the additional
steps of. deconpressing anon-linear PCM encoded audio bitstreamsignal to
yield a linear PCM 87.ghh¢ meaguremept appgratus of £daim 56, ovhereknethe idrgatal sign@M si gnal |
a second ancillary code .. . -

comprises a sequence of frames, each of the frames comprising a respective auxiliary

data field configured to contain the ancillary code, each of the frames further comprising

a predetermined portion usable as the digital signature.

58. The measurement apparatus of Claim 56, further comprising:

a signal decompression circuit for converting the sequence of frames into
a PCM digital signal;

a second decoding circuit configured to receive the PCM signal, to
extract an embedded second ancillary code therefrom, and to associate the read time
therewith;

a second signature extractor configured to receive the PCM signal, to
extract a second digital signature therefrom and to associate the read time therewith; and

wherein each of the data records further comprises at least one of the

embedded code and the second digital signature.

59. The measurement apparatus of Claim 56, wherein the digital signal

comprises a PCM signal having the ancillary code embedded therein.
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enbedded therein; and 30 WD 03/ 060630 PCTI US02/ 32043 extracting a second
digital signature fromthe linear PCM signal; wherein the step of
assenbling the tinme-stanped record conprises including at |east one of the
second ancillary code and the second digital signature therein. 64. The
met hod of Wé’l”r?%/"é@, wherein the predeternined portion coptEHS02424¢he fjrst
digital signature conprises a checksumfield. 65. The nmethod of C aim 62,
wherein the predetermned field conprises an auxiliary data field. 66. The
met hod of C aim 62, @her &he measurehneritt afpatdi of ilgmalb6.c burther somprisingi gnal
having an AC-3 format. 67. A nethod for. generating a tine-stanped tuning
record for SUHERE Wueh Agjermtnes vhsier te daglb? aydie siegal optpyt %@‘Péﬁﬁ EceMelis s

sel ected at__a r.ecei Wi site at ..a read tj a i ver. . aratus having
a receiver %ﬁ?‘%ﬂ?mgéﬁg‘&%ﬁd agglﬁfq'tgtﬁerarends '%ngl gr‘é}d %rﬁetar g&ceifaéll {Oasllg%gﬁdi o signal,
the digital audio signal uniquely associated with the selected one of the
program signals, the nmethod conprising the steps of: receiving the digital
audi o si gnal from t hél.r EeahsRiremsiitpagparsianofClhiat 56, wheieantht raegiveroutpad an
ancillary code enbedded in the digital audio signal; extracting a digital
si gnat ur e foopmactdseomprides aSPANHconnstighal ; assenbling the time-stanped tuning
record fromthe read tine and at |east one of the ancillary code and first
digital signature; and conmunicating the tine-stanped record to a data

collection facility. ¢68. AThe. R ;}&d Qrﬁeéa(ﬂngi o érze-at]czlllﬁb&het{miﬁé)”igﬁdréi fog a step
of outputting a repeated copy of the digftal audi o signal~

determining which one of a plurality of program signals is selected at a receiving site by

a receiver apparatus having a receiver output connector configured to output a digital

audio signal uniquely associated with the selected one of the program signals, the digital

audio signal comprising a sequence of frames, the method comprising the steps of:

receiving the digital audio signal from the receiver output connector;

supplying a repeated copy of the digital audio signal to an output
connector other than the receiver output connector;

attempting to read, from a predetermined field of one of the frames, a
respective first ancillary code from the digital audio signal;

copying a predetermined portion of one of the frames as a respective first
digital signature;

assembling the time-stamped tuning record from a read time datum
representing a time at which the one of the frames was received from the receiver output
connector and at least one of the first ancillary code and the first digital signature; and

communicating the time-stamped record to a data collection facility.

63. The method of Claim 62, comprising the additional steps of:

decompressing anon-linear PCM encoded audio bitstream signal to yield
a linear PCM signal;

attempting to read, from the linear PCM signal, a second ancillary code

embedded therein; and
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WD 03/ 060630 PCT/ US02/ 32043 69. The nethod of C aim 67, wherein the

sel ected program signal conprises a broadcast programsignal. 70. The

nmet hod of Claim 67, wherein the selected programsignal is generated from
consuner pr??q)rﬁm si gnal storage equi pment di sposed with the receiver
apparatus M%&) 'ing. 71. A neasurenent apparatus for PAEP¥REHF ng whi ch
of a plurality of programsignals is selected by a receiver apparatus

havi ng an SP/ DI F out put connector for outputting a receiver output digital
audi 0 signal uni quel §XtERE4RE3 e digitahsignagirs SpedhelneapPEMrvgnaki gnal , t he
receiver output digi &glrelaug{%o tsi %?al I‘rlli’XI ngpone é)-ft a_non-| idnear PCM
encoded audi o bitstream S ghiaf R &F it ange af i HeEY S8 % “YPRSE £ or mat
the neasungiiRite 3PR&:AndSofCRERERY REciNAY dolPdhd BRNQLGILH; ganispMred to
connect the neasurenent apparatus to the SP/ D F out put cgnnec or; a clock

confi gur ed theeigupply a read tinme output; a first decoding circuit
configured to receive the read tine output, the first decoding circuit
configured to read an ancillary code fromthe digital audio signal if the
digital audio signal has the non-linear PCM encoded audi 0 bitstream format

and to associate a Pbadhg mathod H_@?@W‘ Oy, Whersin r‘}ﬁprg‘f%ﬁ‘\ﬁ?é’%‘@ﬂ%%r
configured a%ﬁlerff?%i?i:jj&\;ﬁt%l %Eﬁ@rg?&aﬁgr&sﬁ %%%Elpsld;tn,qetﬁ'ne first signature extractor

configured 0 ex sSi'ghature fromthe digital audio
signal if the digital audio signal has the non-linear PCM encoded audio
bitstream format and to associate the read tine therewth; a signal
deconpressi on ci rcui 65.ctinf methoeof Clainc6l) weeteirt the predetemviaed feld pathprisds gi t al
audi o signal to a converted linear PCM audio signal if the digital audio
si gnal has anawdligydataifigllar PCM encoded audi o bitstream format; a second

decoding circuit Congé.gﬁeerglet&‘lgd (r)fe &gfn}/ 82,twmeererir? Sx(g dEintgFaucc)illjc} glgjrgal cénrllp?rises

a signal having an AC-3 format.

67. A method for generating a time-stamped tuning record for
determining which one of a plurality of program signals is selected at a receiving site at
a read time by a receiver apparatus having a receiver output connector configured to
output a digital audio signal, the digital audio signal uniquely associated with the
selected one of the program signals, the method comprising the steps of:

receiving the digital audio signal from the receiver output connector;

attempting to read an ancillary code embedded in the digital audio signal;

extracting a digital signature from the digital audio signal;

assembling the time-stamped tuning record from the read time and at
least one of the ancillary code and first digital signature; and

communicating the time-stamped record to a data collection facility.

68. The method of Claim 67, further comprising a step of outputting a

repeated copy of the digital audio signal.
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second decoding circuit configured to read an enbedded code from one of the
receiver .32 WD 03/060630 PCT/US02/ 32043 output PCM digital audio signal
and the converted linear PCM audi o signal and to associate the read tine

t herew t h; second signature extractor configured to receive the read tine
out put , twg’og@ﬁoﬂﬁod signature extractor configured to exPFHEP?2G2¥3dcond
digital signature fromone of the receiver output PCMdigital audio signal
and the converted PCM digital audio signal, and to associate the read tine
therewith; a menory é%nf'lghgumékhod of ¢laine 63, phereiml the yselsetedprogramcsignid, each
of the data records conprisi ngi%a[jespective read tine and at |east one of

e,

the respectPPRrifsspdroadeastprpgram s the respective first digital

signature, the respective enbedded code and the respective second digital
signature associ ated therewith; and comuni cati on neans configured to

communi cate the plurad.i tihe Qhetshat 6f Cfaﬁﬁ@?}jﬁ/hér@inathéj@él@cté‘d)%ﬂo@ﬁ}ﬂ Sgndigei lity.
72. The neasurenent apparatus of Claim71l, wherein the first digital

si gnat ur e cgengrated E®@maconaymer iogram sigdatsearagersgdippent disposalf with therresziver near PCM
encoded audio bitstreamsignal. 73. The neasurenent apparatus of C aim 72,
wher ei n t heapparpys inpedWrllingg circuit is configured to read the ancillary
code froman auxiliary data field portion of the non-linear PCM encoded
audio bitstreamsignal. 74. The neasurenent apparatus of Caim 72, further -

compr i sing & repeatel. of FRlulenRANMANAGCIE AeEARRRY Slilof PORINEY oPUC PUL

digital audio signal and to supp a repeate ereof "to an out put
connect or [RédriaRigahls i @1IRA Dy e BNer appipaiishdving ahSP/DiFouiRa SRRt

apparatus of Claim 72, wherein the conmunication nmeans conprises a nodem
portion of farclaputing oreeayer anigut dgite petlimgignal uniquely associated with the selected
program signal, the receiver output digital audio signal having one of a non-linear PCM

encoded audio bitstream signal format and a linear PCM audio signal format, the

measurement apparatus comprising:

an input connector configured to connect the measurement apparatus to
the SP/DIF output connector;

a clock configured to supply a read time output;

a first decoding circuit configured to receive the read time output, the
first decoding circuit configured to read an ancillary code from the digital audio signal if
the digital audio signal has the non-linear PCM encoded audio bitstream format and to
associate a read time therewith;

a first signature extractor configured to receive the read time output, the
first signature extractor configured to extract a first digital signature from the digital
audio signal if the digital audio signal has the non-linear PCM encoded audio bitstream
format and to associate the read time therewith;

a signal decompression circuit configured to convert the receiver output
digital audio signal to a converted linear PCM audio signal if the digital audio signal has
the non-linear PCM encoded audio bitstream format;

a second decoding circuit configured to receive the read time output, the

second decoding circuit configured to read an embedded code from one of the receiver
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33 WO 03/060630 PCT/ US02/ 32043 apparatus and wherein the data storage and
forwardi ng apparatus conprises the nenory configured to store the
plurality of data records. 76. A nethod for generating a time-stanped
tuning record for determning which of a plurality of programsignals is
sel ected aVOPPYEY ving site by a receiver having a rec%qﬂgsr”/&?t‘ ut
connector configured to output a receiver output digital audio signal in
either a linear PCMformat or a non-|inear PCM encoded audi o bitstream
format, theuipet@Chedighak pudio gigniltand theidonyesed hingar HGM padip signsbendited with a

sel ected one of the program si.gnals, the nmethod conprising the steps of:
recei vi ng taﬁSQC‘ra@éger Vg‘it“gﬁaﬁﬁﬁw‘g‘i’ gital audio signal fromthe receiver output

connector; determ ni [ . j i gt j4Q:. S l. is the
non-linear PCM enco%gecfoéﬁélggatﬁr?t% g’tr%/cg({arnﬁgglﬁ%%%q %olrgk%ﬂéeth?iqugg?ﬁ%%%&ti gnal ; if
the recei vafe QUbdIKigrdtudé Exdtact B6tdHgured td BRrabONsdcbNEdiEitdGidnRnfeares od/di O
bitstreamsignal, attenpting to read, froma predeterm ned field of each
frame, a fiofshe reegiwdir|dugruy PEMI digitalommdiohegmabamd thercoovdried tPGM digital awlignal ; i f
the receiver output digital signal is a non-linear PCM encoded audio

bi t st r eam Siggalapnd e @pspriatg the 1sadiirae hereWiBd portion of each frane as a first

digital signature; if the receiv out pu igital signal is non- | i near
POM encoded audi o bf IrSBLACRuHaR Sife Bahsdel fi FhETRsA o e o
encoded audj [ [ ; ks e S P ol si gnal ;
attenpti ngq%ég)r%egﬁgrgﬁgﬁ 5%5«@@%%&? ﬁaeylpgllgcei?r@e% %8%1? %ea%edﬁgggieggig Igll%{gnal and
t he deconpra&ngy BRIt gkpealivefi8naipital ignewey) theardspebtiar smbeada wabasded
therein; extracting a second digital signature fromone of the receiver
out put PCMthk mgpeativesecand|digaabisigrabirelsssomgiecherewitPGddi gi t al  si gnal ;

communication means configured to communicate the plurality of data

records to a data collection facility.

72. The measurement apparatus of Claim 71, wherein the first digital
signature comprises a copy of a predetermined portion of the non-linear PCM encoded

audio bitstream signal.

73. The measurement apparatus of Claim 72, wherein the first decoding
circuit is configured to read the ancillary code from an auxiliary data field portion of the

non-linear PCM encoded audio bitstream signal.

74. The measurement apparatus of Claim 72, further comprising a
repeater circuit configured to receive the receiver output digital audio signal and to
supply a repeated copy thereof to an output connector portion of the measurement

apparatus.

75. The measurement apparatus of Claim 72, wherein the

communication means comprises a modem portion of a data storage and forwarding
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assenbling the tinme-stanped tuning record froma read tine datumand at

| east one of the first ancillary code, the first digital signature, the
second ancillary code and the second digital signature; and 34 WO

03/ 060630 PCT/ US02/ 32043 comruni cating the tinme-stanped record to a data
col l ecti on'P&¥P4%P¥y. 77. The method of Caim 76, furtherP@E¥9#3¥hg a step
of conparing, at the data collection facility, data fromthe tinme-stanped
record with corresponding data fromat |east one of a plurality of

t i me- st anp@drarafsandngherdiny tiedgtarstoragedod faswardingfapparatus eerhprisenibe memoenng

records conprisi a co of the predeterm ned portion of each frame of a
digital brggﬁ‘lt%‘é‘ir&g‘gﬁﬁﬁéﬁgw‘mc%fé&afr?ﬁ? Sa source receivable at the
receiving site and a reference digital signature extracted froma
deconpressed PCM digital signal obtained fromthe digital broadcast

signal . 78. The methpgl ofs Gledod & péddfatiRgra GANEEhRHEW téhisy §Rorf fhepPeating
the received output digital audio signal at an output connector other than

t he recei veleteoniningtwhictoofiweplurality ofSrogdrive sigatle ddiseddctedl aiarrecttuing sitettyer
conprising a :steg after the step of assenbling the tuning record and
bef or e t he IREBST HRVIRD ANTERIYL QUSRI toRanecionicaRfigusrdo fad output a rekeivar oblphect i on

facilit f.stpring .the.tuni [ . ' f dat
St or age and' el HRUFRET &b B JEem g AmiR, A Aet s PO pddsiisent
met hod 101wk o0 WiheEliver Bt aighaP LRAC LR m&.}eg{‘]%g{i?@d‘ wihgpdcast

signals is tuned by a recelving apparatus at -a sta Ica selected

tuni ng sit geladtecPorel of kil prégtard fsighslB) thdméthoEsompiipp ehdbtgpgeh of the broadcast
signals conprises a respective digital audio conponent fornatted as a
respective sequence mteidag thefreives putputdigitabaudiasigab fromake reeiver apipar at us
conprises an output connector supplying the digital audio signal, the

met hod com$PMFRY the steps of: selecting a subset of the data frames from

the tuned broadcast c?eltg'rrrll?‘rllix-‘ng if the receiver output digital audio signal is the non-linear

PCM encoded audio bitstream signal or the linear PCM signal;

if the receiver output digital signal is the non-linear PCM encoded audio
bitstream signal, attempting to read, from a predetermined field of each frame, a first
ancillary code from the receiver output digital signal;

if the receiver output digital signal is a non-linear PCM encoded audio
bitstream signal, copying a predetermined portion of each frame as a first digital
signature;

if the receiver output digital signal is a non-linear PCM encoded audio
bitstream signal, decompressing the non-linear PCM encoded audio bitstream signal to
yield a decompressed PCM digital signal;

attempting to read, from one of the receiver output PCM digital signal
and the decompressed PCM digital signal, a second ancillary code embedded therein;

extracting a second digital signature from one of the receiver output PCM
digital signal and the decompressed PCM digital signal;

assembling the time-stamped tuning record from a read time datum and
at least one of the first ancillary code, the first digital signature, the second ancillary

code and the second digital signature; and
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associating a respective tuning tine with each of the data franmes in the
subset; 35 WD 03/060630 PCT/ US02/ 32043 storing a set of tuning records in
a tuning nmenory at the tuning site, each of the tuning records conprising a
copy of a gredet erm ned portion of a respective data frape in the subset
and the re 8@84’?0\9@ tuning tinme; communicating the set of"fW?Oﬁ/de%cords to
a central data collection facility; receiving the predeterm ned nunber of
broadcast signals at at |east one reference site, and storing a respective
set of time-stanped fenEpaiptingthetinegganpedgecordios dateollpetippdaciliiach of t he
sets of reference records conprising a copy of the predeterm ned portion
of each of the data franes of the digital audio conponent associated with

a respective one of therpy &@@?g?f gﬁing i ﬁh&%ﬁi‘gﬁﬂéiiﬁ%‘% Ikti@? of gb‘?nao%gfxg a0f

reference records to the cen ata collectl ty; onpari ng,

at the centir@larslabifeciod faelity, GatalfRseh theltitne-Sthifpaiarecddd wWithoftespbRGRY Ra W th
ones of the sets of reference records to determ ne which of the broadcast

signal s is franhet leasiede of @gdeakity ofitomeadtam@d. refEleacerbmimgcrecdrdCleadhnofBie wher ei n
at | east one of the tuning records conprises an ancillary code read from
an auxil i arryfetfaﬁeatumn&ra%%rqomﬁsws arcpRy picthp eredetganingd paraeisef egfuframe t he

frames. 82. The . ho ccording, to.Claim80, wherein,the auxiliary data
e poriafai T aated SRl bbdtchs SOmEH Sk redtGhRI s MereFRE sgs 3ha
a reference digital signature extracted from a decompressed PCM digital signal obtained

from the digital broadcast signal.

78. The method of Claim 76, further comprising a step of repeating the
received output digital audio signal at an output connector other than the receiver output
connector.

79. The method of Claim 76, further comprising a step after the step of
assembling the tuning record and before the step of communicating the tuning record to
a data collection facility of storing the tuning record in a memory portion of a data

storage and forwarding apparatus.

80. A broadcast audience measurement method for determining which
one of a predetermined number of broadcast signals is tuned by a receiving apparatus at
a statistically selected tuning site at a plurality of tuning times, wherein each of the
broadcast signals comprises a respective digital audio component formatted as a
respective sequence of data frames, and wherein the receiving apparatus comprises an
output connector supplying the digital audio signal, the method comprising the steps of:

selecting a subset of the data frames from the tuned broadcast signal,

associating a respective tuning time with each of the data frames in the
subset; '
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storing a set of tuning records in a tuning memory at the tuning site, each
of the tuning records comprising a copy of a predetermined portion of a respective data
frame in the subset and the respective tuning time;

communicating the set of tuning records to a central data collection
facility;

receiving the predetermined number of broadcast signals at at least one
reference site, and storing a respective set of time-stamped reference records in a
reference memory, each of the sets of reference records comprising a copy of the
predetermined portion of each of the data frames of the digital audio component
associated with a respective one of the broadcast signals;

communicating the sets of reference records to the central data collection
facility; and -

comparing, at the central data collection facility, the set of tuning records
with ones of the sets of reference records to determine which of the broadcast signals is

the tuned broadcast signal.
81. The method of Claim 80, wherein at least one of the tuning records
comprises an ancillary code read from an auxiliary data field portion of the respective at

least one of the frames.

82. The method according to Claim 80, wherein the auxiliary data field

portion includes skip bits rather than auxiliary data.
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